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General Description of the.-Problem 
Hopewe11;· ·v1;~i~ia-.is ·a highly industrialized city, the c~la.."'leso Corporation of .Aroer-
ict1,·· the Continentalt Can Company, the Hercules Powder Company and the Solvay Proccse: 
Division of· Allied Chemical and Dye Corporation having plants there. All of these 
·· plants have industrial and human waste.a, the combined amount of which is great from. 
the standpoint of both·volume and strength. In addition, there. are human wastes 
from the City cf Hopewell and its suburbs in Prince George County and from Camp Lee. 
All of those wastes, sewage and induatrial,_ar.e·discharged into the James River, 
=··Bailey Creek and into· other tributaries of the two. Primary treatment is given the 
wastes at Camp Lee; the others are discharged untreated. The location of all dis-
charges in the Hopewell vicinity are shown in Figure I. 
With the exception of Bailey Creek, the impact of these wastes on the streams they 
enter was largely unlmown, prior to this study. For many years Bailey Creek has bee 
_1~gnized as an open sewer. Following passage-'of the Virginia. State Water Control 
-La~ in 1946, the Hopewell industries all began programs leading to reduction of 
wastes they discharged. In order for them to determine the extent to which such re-
ductions must ultimately be carried, it soon became apparent that information was 
needed reBarding the effect of their wast~a on the Jam~s River. 
,.: ... :•~. :· .. ~- . . . n : . 
During: ihe ''sunniicr·. :or 1951::the· Hopowell industries, through· the Hopewell Manufacture15 
Association requested.the Water·control Board's help in making a study of the stream 
in the· Hopewell vicinity in an attempt to answer this question. The Board's staff 
agreed to lend such assistance as was :P,Ossible, and the initial pha.ses of such a 
study were completed during the period ·August 6 - Septemb~r 6, 1951. 
Purpose 
The purpose of this investigation is to deter.~.ne the extent and ~egre~·.·· of pollution 
in the James Bi ver and its tri butariea in·· order that a comprehensive program for 
pollution abatement may be formulated by the ·several owners in the Hopewell area whc 
Jointly cause this pollution. Specifically, 1~ has the ~allowing purposes: 
l. To determine the course followed in the James River by industrial wastes and 
sewage from the Hopewell area, 
2. To determine the extent and degree of pollution in the James River around 
the Hopewell area by moans of physical, chemical, bacteriological and biologic~ 
=t~s, 
3. To determine the volume and strength of industrial wastes discharged into 
~he James River ~~d its tributaries in the Hopewell area, 
4. ·To de.termine the effect of tidal variations and cur~ents on the net movement 
of the wastes downstream "'f'r~m Hopewell,. r 
' i t 
/ 
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5. To determine the assimilation capacity of the James River downstream from 
Hopewell in order to ascertain the permissible net waste load and still maintain pre-
scribed levels of dissolved oxygen in the river, 
6. To determine a minimum flow figure which might be expected to recur in the 
James River at Hopewell every 10 years, 
. . 
7 •. To determine what further studies are necessary so the·Board's and indus-
tries' technical staffs maY. formulate a comprehensive program for pollution abate-
ment. 
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Since there is tidal action in the James River and since there are several paths the 
water may take downstream from Hopewell, it was considered ad.Vi.sable to try tracing 
the course of the wastes by means of conductivity measurements. To do this, a number 
of stations were selected in the James and Appomattox Rivers to cover the entire area 
,1b~re wastes might travel. The conductivity sampling stations are shown in Figure 2. 
At each station conductivity measurements were made from the river bottom to the watei 
surface. On the basis of the· :conductivity data, tentative sampling stations were 
selected by the Board's staff~- In addition, a boat trip was made do~m the James Rivez 
on August 9, 1951 to obtain additional data to·aid in the selection of stations. On 
August 15, 1951, members of each industry· involved met on a boat and took a trip 
down the James River to see the tentative sampling stations. The group was shown the 
results to date and all agreed that analysis ot samples taken at the stations selected 
by the Water Control Board's staff would give a representative pic~ure of pollution 
in that stretch of the river to be studied. The stations were numbered 10 thJ.~ough 
21. Two stations, 12A and 12B, were added to show conditions in Bailey' Creek. The 
location of these sampling stations is shown in Table I and in figure 1. 
Supplemental River Sampling stations 
.On the August 15, 1951 boat trip, it was agreed that spot checks of dissolved oxygen 
and other constituents, as well as additional conductivity measurements, should be · 
made. Spot samples were obtained, with additional dissolved oxygen (D.O.).determi-
nations and conductivity measurements (1) in the area between City Point and Jordan's 
Point, north and south of the dredged channel, and (2) in the area between Jordan's 
Point and Coggin's Point, north and south of the dredged channel. These D.O.= stations 
are shown in Table I and in figures 3 and 4. Samples at D.O. Stations 56, 57, 59, 60 
and 61 were collected on August 24th. D.o. determinations throughout the Hopewell are 
were made on August 16, 17 and 24th. All river samples were analyzed by the Board's 
laboratory in Richmond, Virginia and unless otherwise specified were taken at half 
depth. 
In addition to the samples taken at half depth between Fort Powhatan light and Wey-
anoke Points (Station 18) and between Kennon Marsh and Sturgeon Point light (Station. 
19), supplementary D.o. samples were taken at 10 to 15 feet under the surface. · Only 
half -depth D.O. readings a.re included in this re~ort. 
I I ~ • 
I· 
1. 
__ ., ... 
Tl'J,:F. l 
Loco.ti on of sampling StJ.tions. 
.. . --,-···· .. . 
.. '-.: ·,. l': -~_ j2) ----~.-.- -~·~-:.--~ .. --""-:~---- •_,,,~---.- ... ----··-" ---------~·~----














C} .. j b : :· 
~ .. lng st~tiona · 
(_C) 
\ ,-~l · 
\ ... ~ .. 
~ ,. :..<·. _ ..•. 
Mid-channel of J~mes River, opposite nun buoy 122 ubovc · 
City Point, Hopewell \ 
Mid-channel of Appromattox River just downstrc....n1 from 
State Highway No. 10 bridge 
Mid-channel of Ju.mes River opposite nun buoy 118, upprox-
imately ½ mile below station 10 
Mid-streo.m of Bailey Creek, sumple to.ken by Hercules Pow, 
der Co. representatives from Stute Highway No. 10 bridg~ 
Mid-strerun of Builey Creok, somple tukon by Hercules Pow 
der Co. representatives from State Highway No. 154 bridg-
Edge of channel of Jomes River opposite Light (FlG) 111 
approximately 2 miles below Station 10 
Opposite ferry dock at Jordon's Point about 50 to 75 mil1 
off shore, approximately 3½ miles from Station 10, south 
of dredged chunnol ~ 
In ferry channel opposite the dock ucroas from Jordun's ,1 













o n on on uoy , o.pprox ma e y 2 es rom u , j 
w ij 
Between the shore end Light (Fl} 91, approximately 8 mil , 
below Station 10 n 
18 ,y") 
I • • • ·, ~' , • , .... ,. -, • .. • ,;••-~ 
___ Mid-channel opposite Weyonoke Point .and Fort Powh~tu.n, ;,.• -,-.:.~:. r.i 





57, 58, 59 
.. 
--· 




::;·'\ I 70 
• •1.r·: 
77, 80 -•;.: I 
. . .... ··-----•- . .. ···-- -·-····•·- --·-~---.-"-- ·;:;J_ .. -~-·-· - ..... _. 
Mid-channel opposite Sturgeon Point, a.pproximutcly 172 ~ _. \_; 
miles below station 10 , · ;;'6 :., .:,;.q 
Mid-channel opposite Brandon (before Chippokes Creek Joi 
Jum.es River) approximately 21 miles below Station 10 
Mid-channel oppoait6 Light (Fl) 69 (before Chickohominy 
joins J~mes River) approximately 25 milos below Station 
Between City Point ond Po.cks Point, north of the dredged 
cho.nnel < 
Between City Point £:LD.d Jordan's Point, in Bailey.Bey sou 
of the dredged channel 
B&tween City Point and Jordun's Point, north of the dred 
chrumel 
Bf,jtween Jordan's Point and Coggins Point, north of the 
dredsed channel 
Opposite Coggins Point in the main channel· 
Between Jordon's Point ond Coggins Point, south of the 
dredged channel in the obondoned chQJmel 
.• ... : 
. . ( l) See Figure l {g);-'\oe Figures 3 and 4 
(3} ~~11 samples tulcen ot a.pproximu.tely hulf' depth 
(4) All stations from 14 to 21 ~nd dissolved oxygen stations are located in th~ 
James River 
Location of conductivity stations is shown in figure 2, while biological samp-
ling stations are sho'Wl'l in figure 1, 
'· 
' ' ' ' . ·-...~ .. t.J . 
. •,'t'li>.""' • .. 
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:oilection of Samples 
~-- :- ···.::'l ···\c'! B:?cteriolor:ice.1--All river samples were collected in a D.O. •amp-· 
.e:..· . .._ . •. . · .e :..: _. e· ·o:·-· t:;Etboa-;i:,;--cr.:1en the boat stopped at each station, the sampler 
ri tb. D.O. bottle was lowered in the water to approximately half depth, as der~eJ;-: ____ . 
dned by the navigation chart, and; allowed to fill. The sampler was then brought ~---···-·- · 
,o the surface and on to the boat deck. The D.O. bottle was removed and the dis- !. 
tolved oxygen content determined. Then a 1/2 gallon .jar was filled with the remain• 
~n~ water in the sampler. The temperature of the water in the jar was recorded alo1 
ri th t:·"e time. The sewage D .o. sampler was lowered to approximately half depth 
1r;ain and allowed to fill, then brought to the boat deck as before.. The second 
~iver! sample at each station was poured into a small sterile bacteriological bottl~. 
~he 1/2 gallon.jar of water and the bacteriological bottle were kept on ice until· 
)rought to Richmond by State Water Control Board personnel for immediate ~alysis. 
Samples were collected at Stations 10 through 21 on August 15, 20, 21, 22, 27, 
~8, 29, and September 4, 5, and 6th by State Water Control Board personnel using a 
j • · +, furnished by the Ilopewell Manufacturers' Association in conjunction with the 
later Control Board's small boat and motor. Samples at Station 12A and 12B, Bailey 
!reek, were collected on the same days as those of Stations 10-21, by the Hopewell 
lndustries and delivered to the Hopewell Yacht Club. These samples were picked up 
>Y the State Water Control Boa.rd personnel, broug_~t to Richmond, and immediately 
malyzed by the State Water Control Board personnel. All analyses by the State 
f ater Control Board laboratory were in accordance with. STA.N_DARD METHODS with .the·.· · 
rxception of color, as explained in the appendix, on page 22 • . 
t 
! ~iologi~al--Dr. Weiss collected biological samples on August 27 and 30, 1951. 
~:is reports will be found on pages 14 to 19~ 8.1.ld is summarized in the conclu~ione ; 
~f this report. The large boat, Wide available by the Hopewell Manufacturers' Asso• 
:iation, was used in conjunction with the State Water Control Board's small boat ano 
~otor by Dr. Weiss in obtaining his samples_. 
Messrs. Massmann and Ladd of the Virginia Fisheries Laboratory at Gloucester 
faint submitted a report, October 9, 1951, of fish collections made in the James 
~iver near Hopewell on August 30 and 31~ The fish life studies carried out by the 
{irginia Fisheries Laboratory was a part of the biological study of the James River. 
rhe Virginia Fisheries Laboratory furnished their o,m equipment and personnel for .. 
~his study. A summary of the fish-life studies is presented in the conclusions, anc 
~he complete report will be found on pages 20 to 22 • ~ 
I 
rhe location·of all sampling stations used by Dr. Weiss and Virginia Fisheries 
~aboratory are indicated on figure 1. 
i 
• 
! Industrial Waste--On August 19, 20, 21, 26, 27, 28 and September 3, 4, ···and 5, 
~he Virginia Cellulose and Cellulose Products Divisions of Hercules Powder Company 
and Continental Can Company collected 24 hour composite samples of their several 
~ffluents. On August 20, 21, 22, 27, 28, 29 and September 4, 5, and 6 the Solvay 
Process Division and on August 20, ~l, 22, 27, 28,· 29 and September 5, 6, and 7 the 
Celanese Corporation of America collected 24 hour composite samples of their final 
effluents. Solvay's analyses included the James River water intake, the Poythress 
R~~luent, and the Gravelly Run effluent. All industrial samples vere analyzed 
in \. ~ respective plants in accordance with STANDARD METHODS. The Cellulose Product 
_Division of the Hercules Powder Company submitted supplementary information on Sta-
:tions 12A and 12 B to the State Water Control Board report on September 19, 1951. 
I. 
.. ~ .. 




The individual industries made all laboratory deterninatj_ons on samples of their 
wastes collected during the study. The Water Control Boord did all laboratory work 
on the river samples. Hercules also made some analyses on samples from Bailey 
Creek. Solvay also made the same analyses on raw river water as on effluent sam-
ples. The various analyses made by each participant are shown in Table!~ 
TABLE 2. 
Analytical Determinations Performed by the Industries and the State Water Control Bottrd 
·.!. 
Samples (rw::: Industrial Waste) IW IW Ill IW rw Stream 
D. O., ppm X X 







































:B. O.D., ppm 





X X X 
X 
X 
r.· (Total X X X 




·· Suspended Solids, ppm )Volatile 
(Fixed 
Sulfates {S04, ppm) 
Chlo,;.idcs ( Cl, ppm) 
Turl;>idity (s102, ppm) 
Colo:r (K-S Re~ings #54 Filter) 
NH.J~N-1trogen?-ppm . _.·-..... . .. 
N02i~Jt:r;-ogen, ppm -:~_::.···:.::-.: t 
NOJ Ni t:r~g~n, ppm ·: :-< f~: \(;1,:.: ... _,. 
C. 0. D. , ppi:n · : .. ,· ,. · · / . , · ... "' ' 1 ./ /: 
Temperature, 0 c. ._.,.,.; · 
Settleable Solids, Ml/1 
MPN, Coliforms per 100 ml 




!. _; !. ~- ... ; 1.·. 
•• , •• 
1 
. X 1..•, X .. .. 
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All data and results are recorded in the appendix. These were considered by the study 
~articipants on January 15, 1952. In the graphs, figures 5 through 12, the average 
- alues of the various constituents are plotted against the distance between stations 
in nautical miles. The point between stations 14 and 15 is an average of the two. 
Figtu--es 5 throu[';l: 12 -~re on P-"'-CTes 23 t~·rough JO, inclunb,00 T11e recultz of ell amJ:~r-
ses arranr;<3d by st,:~tions will ,"'e fmmd on tt.1.blco 10 throuch 30, par.;0s 31 t!1row:,::h 







r I~ t·ie.r4;e l,,.1.•·,~ -··'.t'L.e data tv.oulated in table 3 show the amounts of B.O.D., total soli 
!suspcw~cf"'so·i:~."ris ~d: _alkalinity .. ~n.,pounds per day disch~g7d to. the various streams j 




Waste Loads to Virginia State waters .at Hopewell 
:Allied Chemical & Dye Corp., 
t Solvay Process Div. · 
·Hercules Powder Co., Va. · 
i Cellulose Div. 
:Hercules Powder Co., Cellu-
: lose Products Div. 
'Continental Can Co. 
:Celanese Corp. of. America 
:City of Hopewell 
·camp Lee residual load in 
























- -suburban area 2,500 -rrotal ", -99-,...,8-l_O..,.( 3....,),__ _ 6_2_2_, O_O ___ O ___ l_0..,6-, -20_0 ____ 84--,~6-0 __ 0 _ 
,{1P-$olvay'uses untreated river water in its processes. This-contains some of each 
(of ... ~ese cons ti tuent.s,, These figures represent net amounts contributed. 
;(2) Alkalinity is removed from the untreated river water by Solvay's manUfacturing 
lprocesses · 
;(3) 598,900 population ·equivalent 
t 
?These loads accoWlt for the rises in concentration of these constituents at stations 
{immediately below Hopewell, as shown by the figures. 
t . 
I· 2-. B.0.D. ·-and D.O--The cur·;e of average B.O~D. values (figure 5) shows a steep ris . 
:from .. 2.2 ppm at station 10 and then a gradual drop to 1.3 ppm at station 21. Solvay 
[did not make B.O.D. determinations on its wastes, and it is not known if ammonia in 
1t}:le wastes contributes significantly "to the B.O.D. load on the James River. The 
iaverage D.O. fell correspondingly from 5.8 ppm at station 10 to a low of 3.9 ppm at 
jstation 17 and then rose again to 6. 7 at station 21. IndiVidual D.O. ·values show 
:quite low values at some stations. The low value at station 10 is attributable to 
:residual upstream loads, from Richmond and its industries. D.0. was completely de-
tpleted at all •times at station 12A in Bailey Creek. The iow value at station 12B 
!is due to the sewage load from Fort Lee. D.0. was completely or almost completely 
!depleted at some times at some Bailey and Tar Bay stations. These areas serve as 
-,natural lagoons fer biological decomposition of the organic wastes from Hopewell. 
:D.O. determinations made at 10 to 15. foot depths at stations 18 and 19 shpwed values 
iabout l ppm higher than t~ose taken at half-depth. 
~l . 
~v~e temperature did no~ vary_ greatly in the James River betwee~ stations 1? and 
s i9. ~nsufficien~ samples were taken at stations 20 and 21 to obtain averages com-
:Parable with those at other stations. The temperature at station 12A was considerab: 
\1~bo~e that of the:othe~ stations, due to the presence of hot industrial wastes from 






















Temperature and Dissolved Oxygen Saturation Data -------------iJ~ . 0 Observed Saturation 
Sta.'t:i.on :.1 Temperature c. n.o.' ppm DoOo, PEID ·-· ·· % Saturation 
10 Z"(.2 5.8 8.04 73 
11 28.4 7.1 7098. 89 
12 21 •• a 5°,7 8.19 69 '12A. ___ ~---·-··· ·-- 30.2 0 7.62 0 ... 
~12B 22.1 2.8 8.84 32 · 
13 27.4 5.2 8.13 64 
14 27.6 2.2 8.16 28 
15 27.1 6,5 8.08 Bo 
16 28.2 4.2 7.95 53 
17 28.1 3.9 7.93 49 ~ ... 
18 28.0 ,4.1 7.92 52 
19 28.3 ··,·4.7 7.96 J9 
20 (1) 5.1 
21 (1) 6.7 
~l) Insufficient number or·observations·made-t? obtain average_'3 comparable with those 
at other stations. 
3. Total and Suspended Solids and Turbidity--The abrupt rise at station 19 of 
· total solids (figure 6) is probably due to a sand and gravel washing operation in the 
vicinity of station 18. The fact that total and fixed solids rise\. in greater propor-
-~on than volatile solids would bear out this assumption, as would. also the curve for 
~u.rbidity (figure 9), which shows a slight rise at station 20. Suspended solids (fig-
ure 7) do not fit into this picture as well as might be eA'l)ected, though there is a 
disproportionate rise in fixed suspended solids at station 20. The abrupt rise in 
total solids at ,station 21 is due to the intrusion of salt water. 
4, Chloride, Sulfate and Alkalinity (figure 8)--The r:tse in chloride immecliately 
below Hopewell is due primarily to the discharge of 31 tons per day of sod,ium chloride 
from the· Hercules plant. The rise at· station 21 is due to salt water. The rise;in 
alkalinitY. and su;l.fate below ,I:Iopewell are due to industrial waste discharges. The 
'. · discharge/'b'f' ~<ti-i¥1~Eai~~l c'oma½.9i1ng caustic, sulfide, carbonate and sulfate, probably 
accounts for some of the sulfate rise. No data is a~ailable regarding sulf~~e dis-
. charges from the other industries. The rises of these constituents under present· 
conditions are not·known to prese~t any particular pollution problem. 
5. Color (figure 9)--Though there is a slight, but perceptable, rise iQ color be-
tween stations 14 and 15, this constituent remains essentially unchanged over the 
stretch of river studied. In Bailey and Tar Bays there are areas of discoloration 
easily distinguishable to the eye. r 
. ,, 
6.'; C.O.D. · (fi-g.ur-e 5 )--An insufficient number of 9.0.D. determinations were 
made to draw any .. conclusions. t • 
. 1. M~·P..N. of Coliform Organism~---Tl'le curve of M.P.N. averages (figure il) shows 
. ~Y, though not extreme, variations. Mean and geometric averages (figure 12) show 
.)Other curves, though the rise at stations 19 and 20 a.re not fully explained. It 
is believed this rise is due to uninvestigated sewage discharges i~ the vicinity of a.n 




8. E[--The variation in pll at the several stations iB~ shown in table 5. 
variat!.o:1s are not c_onsidered significant, ~~cept at station 12B. 
10 
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9. Nitrogen Determinations (figure 10)--Nitrogen is contributed to the J:runes 
River in the Hopewell vicinity principally by sanitary sewage and industrial wastes 
· · from Solvay. This contribution probably is of no great pollution significance, excei 
·· ~ that· the ammonia may exert a B.O.D. on the stream. · 
.;; • :! . _-).. . 
10. Conductivity Da.ta (tebles 6-11}--Conductivity data shows! that the wastes fJ 
Hopewell do not travel far upstre.am from Bailey Creek, and that they travel downstrei 
through Bailey and Tar Days rather than through the main channel. Supplementary 
analytical data (table 26) on miscellaneous samples con:f'irms this. 
11. Biological Data--On the basis of ·algael, plan.~ton and bottom organisms coll< 
-✓ ted and studied by Dr. Weiss, it was concluded that septic conditions exist in Baile: 
Creek and nearly all of Bailey Bay, and these bodies are not capable of satisfac~ori: 
supporting aquatic plant end animal life. Pollution reaching the main channel of the 
James River from Bailey Creek does not appear to affect significantly the biology in· 
the _waters do·wnstrea.m from Jordan Point. . . · /: 
Definite conclu;ions cannot be dra,m from the studies of the Virginia Fisheries 
Laboratory since (1) the survey was not sufficiently extensive in time or space, (2) 
the use of a small haul-seine li..ntj.ted sampling to areas near shore, and to beaches 
_ ,nth suita"Qle bottom. · · •· - • -'-- . -- .... 
of." "~ ... ·The· hauls were rather productive as compared with similar collections made in ot i 
Virginia rivers. This seemed to be due chiefly to the great abundance of silyersidet 
(Menidia beryllina): Very few fishes .,.;ere taken along the southern side o'f the·rivel· 
·· from City Point to Jordan Point, but the. region of low abundance seemed to be restric 
. 
to the Hopewell area.• .. _, . . i ~ • .• . . ·» •••• -- • ., .. ..,t' 
~. 1,: .· .. ·~· ~ ~ 
· •· ; A considerable .fish kill. was observed in the region just '\-rest of Jordan Point. 
Fish mortalities in this area have ·been' ·:t.nvestigated by the iabora=tory.- several times 
·ihe past. Available information indicates that most shed spawning in the 'James, ex-
clusive of its tributaries, takes place in the Hopewell area. The existing pollutior 
- : .. 
-13-
:!,.: '. 
., ,. . .. 
~y·theref'ore affect the production of this commercial species. Few commercial 
fishermen operate· in~·the immediate vicinity of Hopewell, but this does not indicate . 
, that the region is potentially unproductive. Fishermen say that fish caught in this 
area are poor in quality and are not commercially desirable. 
Recommendations 
..... · ..
1. River ·cross Section Study--A detailcd·9ross-sectional and depth sampling study . 
should be made between Stations 14 and 15 over a tidal cycle, a.t as many points as 
possible along -~he line between the stations. At each point, D.O. determ:i.nations 
should be 111-~de.at 1/2 and 2/3 depth at each hour. A composite of the two samples 




2. Float Studies--Float studies should be made to determine the effect of tidal 
variations and currents on ·the net movement of wastes do'Wllstream fr.om Hop~1rei1, in 
such areas as Bailey Creek and Bay, Jordan Point, Tar Bay and Co(3gin Point. In addi-· 
tion,• a study should be made of tidal actions in the main channel in the Hopewell ,area. 
. . 
., . . . . . . '. . . . . 
.. 3. Regular Sampling Stations--Analyses of samples from Stations 10 through 17 
should be~ntinued until enough samples have been obtained to average the various 
constituents by tide - incoming, outgoing and slack. Studies at stations 18 and 19 
· should be made to determine the effect of sand and gravel operations in the James River 
in the vicinity of Station 18. Effcrts should also be made to trace. the source of the 
~age outlet at;Station 19, and to determine if this is the cause of the M.P.N. curve 
J01£1P at station 19. · ·· 
. 4. Miscellaneous Studies--Conductivity and D.O. determinations, temperature, and 
bottom studies Ghould be continued or instituted in the Ilopewell area from City Point 
to C,oggins Point, north and south of the dredged channel, to help round out the pollu-
. tiona.l. picture. Further biological studies should be made to determine the exact 
location of' the shad spawning in the James River, and to provide further data on the 
effect of the wastes on the aquatic life in the James River. 
-:/. Waste Assimilation Capacity--The waste assimilation capacity of the James River 
shoiµ.4 be determined in_ order to ascertain the maximum waste load it may ca:rry and 
still maintain prescribe·d levels of dissolved· oxygen in the river. This will require 
a calculation of the time it takes the wastes to travel do'Wllstream and -a determination· 
of the _rate at which the wastes decompose. 
:: 6! Solvay's B.O.D.-- Solvay should determine the B.O.D. of its effluents to find 
whet,p.jr the ammonia pre_s~n:t .in the :ve.ste e.x~rt~ any B.O.D. on the stream. 
~7. Pollutional Load of Hopewell and Camp Lee--Studies should be ~d~ to d.et~;mine 
the pollutional load added to the James River by sewage from Hopewell and Camp Lee. 
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Samples of Plank~on, Algae and ~ottom Organisms 
·.·, i : 
, .. .. • 
~ biological studies on the James River, reported herein, are part of an overall 
pollution survey to determine the extent and degree of pollution in the James in th, 
vicinity of Hopewell, Virginia. Other phases of this survey include the chemical 
and bacteriological sampling by the Virginia Water Control Board, the industrial 
sampling by the Hopewell industries and the fish-life sampling by the Virginia 
Fisheries La~oratory. . . ~ .· 
The biological investigations are concerned principally with the plankton, the at-
tached algae, and the bottom organisms of the James River in the area under survey. 
The plankton of the river was analyzed as to major groups. The attached algae on 
the channel buoys were sampled and reported with respect to the dominant types. 
Bottom samples were taken from the river above and below the City of Hopewell to 
possibly determine the distribution of the pollution discharges and their effect on 
the bottom organisms. 
'rhe sampling techniques employed were standard and will onry·oe briefly summarized. 
The plankton samples were ta.ken with a Feerst water sampling bottle and preserved il 
5i formalin. 
' ~ • ·1 • ! . _., . 
.,,.. In the laboratory the plankton was concentrated by centrifuging for 5 minutes at 
about 1500 r.p.m. The plankton count was·t made using the Lackey drop method and the 
final counts reported as number per milliliter. (Table 6) 
1he.attachment forms on;the chann~l buoys were ·sampled qualitatively. This was ac-
~complished by scraping from appropriate submerged areas on the buoys. These areas 
w~r~ .. a .. band at the w~terline, consisting principally of a bacterial and diatom slimE 
film. and a band about 6 inches below this surface where·a more luxuriant growth of 
filamentous algae was. fpund. Buoys_ above and below Hope1-1ell were sampled as indicat 
,. in Table 7. The forms. reported are the dominant type observed in each sampled area. 
l · ~ 1. • • · • 
;- ~ Both Eckman and Pete~son dredges were -~~~d·.· in· the ·botto~ sampli~-g depending on the 
· ~ nature of the bottom and the strength of.the current. Soft bottoms were usually san. 
. •. pled vi th the·· Eckman dredge and the hard bottoms ·with the Peterson dredge. However, 
,. where the current was running ~trong it was necessary to use the heavier Peterson 
i .. 
1 
.. 15 .. 
~redge to obtain a satisfactory bottom grab. The bottom samples were examined in 
. the field and in many cases an appropriate portion returned to the laboratory for 
further analyses. The samples were washed through a 30 mesh sieve and the residue 
on the sieve used in the description of the particulate matter and living organisms. 
(Table 8) 
On the attached map only those sampling buoys and station locations are marked where 
samples were taken for the biological survey. The marked buoys may represent both 
a sample taken from the buoy and/or or a location where a bottom sample was taken·;· 
The term Bailey Bay has been used to describe that embayment in the James River 
where Bailey Creek discharges. 
The plankton samples, because they are subject to considerable natural variability 
due to the river flow and tidal circulation in the James at this point, and having 
been sampled on only one date are not representative of several tidal cycles, can · 
only be discussed in the broadest terms. However, the plankton analysis is indica-• 
tive of several features. In general it can be interpreted that a comparatively 
large number of blue-green algae and flagellates are indicators of organic pollution. 
One item that is noteworthy is that the top and bottom samples have fairly similar 
counts. The differences are hardly significant and it can be assumed that the water 
is uniformly mixed. It might be expected that due to the high turbidity of the rl.ver 
there might be some stratification of the pboto-syp.thetic forms. However, the day 
of sampling, August 27, was cloudy and overcast and may have resulted in a more 
uniform distribution than on a sunny day. On a sunny day the tendency would be for 
~he photo-synthetic forms to gather in higher concentration toward the water surface. 
The·decrease in both·the green u.nd·the· blue-green algae from the farthest upstream 
station to.the farthes~ downstream station is fairly consistent. The high count or· 
green algae.that is found at Station #10 is probably due to the fertilization effect 
by the sewage discharges of the City of Hopewell. The decrease downstream may or·may 
not be due to influences of the Hopewell induGtrial discharges. More likely it is 
the result of dilution of the fertilizing substances. The effluent from the indus-
trial discharges does not appear to have a significant effect although the rapid 
d~crease in_ ·plankton concentration between Stations 10 to 14 may be in part due to 
these discharges. No attempt was made to identify specific types in this plankton 
analysis. Q.ue· to_ the fact that material had to be pre.served, ~d preserved specimens 
are rather difficult to identify even by the .specialist. ., I. 
The analysis of the algae attachment on the channel buoys is of more significance in 
that it was possible to be more specific in the identification of the algae and 
~om~ .. are known to have rather specific relationships to polluted or non-polluted 
vaters. The algae at the water lir:e were erowing on the rather heavy bacterial 
slime film in which many diatoms were embedded. The surface had a dark greenish 
a:ppearance. In dovmstream progression the dominant species on the slime film 
changed from the blue-green algae Oscillatoria to the green algae Cladophora. The 
former is generally associated with polluted conditions while the latter isfound in 
non-polluted waters. The algae growing in rather luxurient fashion about 6 inches 
below the water line were dominated initially by Spirogyra and Stigeoclonium both · 
. ~9llution favoring forms and then changing to Cladophora. The change in prevailing. 
ype occurred at· Buoy N 108. This change in dominance of the attached algae probably 
occurs at.· a point ~here the sewage effluent ·from Hopewell reaches a dilution that 
no longer affects the growth of the algae • 
.r r· .• .: .-. . . ; . . . • . . 
The results ·or· the extensive bottom sampling haye sho-wn an interesting picture o~·, 








(Table 8). The area north of the ship channel generally has a bottom of fine sand 
mixed with clay in contrast to the mud bottom south of the channel. This difference 
alone is sufficient to produce a different organism association.without the added 
fa~tor of pollution. However, comparison of bottom conditions up and downstream of 
Jordon Point on th~ south side of the channel can be used to evaluate the effect of 
pollution. The presence of the bottom organisms noted as tubificids and chironomids 
are indicative of bottom conditions where the mud contains large quantities of readily 
utilizeable organic matter. The organisms, the former an oligochaete worm and the 
latter the larval stage of a midge fly, are usually found in the zones of pollution 
described as degredation, decomposition and recovery. Since they require dissolved 
oxygen they are absent from the septic zone. The chironomids nsually reach their peak 
in abundance in the zone of recovery whereas the tubificids are found in greatest 
numbers in the zone of decomposition. Both forms will be found utilizing organic 
material from natural sources; e.g. plant debris, and their presence does not neces-
sarily imply pollution. However, the presence of large numbers of these .. forms us-
ually implies organic matter of pollution origin. 
• I 
The several types of molluscs found in the bottom collections can also be used as 
pollution indicators. The finger-nail clams (Sphaeriidae) are more tolerant of pollu-
tion than the larger fresh water mussels. The snail genus Goniobasis belongs to the 
group of gilled forms (Prosobranchia) which ·require water with a high oxyge_n content 
vhereas the snails of the genus Planorbis are air-breathing forms and are therefore 
more tolerant of pollution. The presence of Bryozoa can also be used as an indicator 
of satisfactory water conditions since they are usually found only in non-polluted 
,,ater s. . : ··· ·;-...· 
Debris noted for the various stations, particularly in the Bailey Bay area, shows 
=· 
I 
a rather bigh concentration of wood chips and fibrous material increasing to a peak 
at station BB#4 where the bottom sample was practically lOOp wood chips. On a line 
running directly out from the mouth of Gravelly Run, the bottom samples containing 
\-10od chips in large quantities were found nearly half way to the ship channel. In 
general nearly all the Bailey Bay bottom samples.contained woody fibrous material 
in addition to the natural plant debris; The stream bottoms at the mouths of Gravel-
ly Run and Bailey Creek were in septic condition as well as the bottom of Bailey 
Creek at the Route 10 bridge. The Bailey Creek bottom at the Route 154 bridge was 
aerobic and was being actively worked over by the tubificid worms and chironomid 
larvae. ~. 
~i 
The results of the biological survey indicate that the severest effects of the indus-
trial pollution from the Hopewell area are limited to Bailey Bay. Sanitary sewage 
discharges from the City of Hopewell effect the river for only a comparatively short 
distance and little or no effect from either source of pollution is evident for any_ 
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( 1) Sampled 27 A~=-•_,.;;._ __ .......,. _______ ..::-.. _______ _ 1951 - 11:15 am - 2:45 pm 
TABLE 7 · 
Algal Attachment to Channel Buoys(l) 
Dominant Types 
Buoy Algae of 11'ate~-F--·i-1m- ---- --i:rrg--a-e_o,...,,f-s ..... u-oS\lr?'ace GrowtH 
-N-1-=2=-6 _______ 0_s_c_il,,_l_a_t_o_r_ia ____ - - -- -·-. s;irogyr~ - , 
N 120 Oscillatoria Stigeoclonium (?), Spirogyra 
N 118 Oscillatoria Spirogyra 
Fl G 111 Spirogyra, Oscillatoria Spirogyra 
N 108 Cladophora Cladophora 
Fl R 106 Oscillatoria C:l~\do:phora 
N g8 Cladophora Cladophora, Spirogyra 
~ 9
4
~ Cladophora Cladophora 
u 8 · Cladophora ~ . Cle.dophora 
·;.· ~.:.. . :.~.- .. - .· ~ ·. ;: . .. .. :-.• 
.. ... ~ -~ (" . -{_. 
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Sampling 'Physical Characteristics 







'""."B_u_o_y_N----12"=""6 ___ x .............. ___ x ___ F_i_ne_s_a_n_d_,_n_e_ar_l_y_a_l_l_t_hr_oug-h--No· org-an-ic debris - - -- -
St.ation # 10 X 
Station# 12 x 
Buoy Nll4 x 
Station# 13 x 
Buoy Fl G 111 
Station # 14 x. 
Station# 15 
Buoy N 98 
Buoy C 95 
Buoy N 94 
Station #17 





Station # 18 ;; 
:-3tatio~ 1}(19 X 
... 
X 
.. . ·. 
'V ~-
... 
30 mesh sieve 
Fine sand, gray clay 










Fine mud and sand, soft 
.-3oft mud 




Twigs & leaf debris 
Leaf and twig debris 
Very little organic debris 
Batk pieces 
Fine organic debris 
Organic debris princi:pally · 
-bark pieces 
Plant debris, bark 
Considerable leaf debris 
Plent debris & bark 
None 
Plant debris 
Plant debris, bark 
Plant debris, bark 
Plant debris, bark -: .. · 










.::,~ :· J • . 
. - __J''i, :!'; - -




. \ , 
None (dead white 





clam shell / 
(Sphaeriidae) 














Many snails. (G::>n- · 
iobasis)Bryozoans 
Snails, bryozoans 
(2 < !ies)_ 






TABLE 8 - Continued: r;~ • 
Bottom Samples · :-~!p! ,;..-· . 
· Sieved Debris 
Sampling Physical Characteristics Description·; ·:•i, % of Orig• 
Date - i951 · · · inal Sam-
Organisms 
8-27, ~-30______________ ple Volume 
T __ ar_B_a;_y_# __ l_1:·---x--- ._,. .. 
1
.:i• Pe~~~es -,-. Little-organic debris-·- -----·Snails, bryozoans 
(2 species) 
Tar Bay #1 •X Sticky, jelly like gray-black Plant debris, worm casts less than 2 Few tubificids, chi ... 
Tar Bay #2 
Tar Bay f/:3 
Bailey Bay#l 
Bailey Bay#2 
Bailey Bay #3 
Bailey Bay #4 
Bailey Bay #5 





*Estimate in field 
. : .. ,.:. 
.( .. 
mud ronomids, snails·· • . 
X 
X 
Sticky, firmer than TB #1 More 
sand 
Sticky gray mud, tirm 
Sticky soft mud . ~ . ' 
Plant debri~ ;·_~ w,~m casts 
Plant debris 
Plant debris woody. fibrous 
material, wood: chips 
x . Sticky, soft mud 
· .; .. •jelit like on top 
Plant debris, ~9ody fibrous 
material, wood:;~};lips 
Plant debris, ~9.P~ chips, 
fibrous materia+::n.?:. ,;: 
X Black soft mud, anerobic 
X 
X . 
No natural bottom Wood chips .. :r- : . 
Soft mud ·wood chips . ,. i· ·\ · ·• · 
X Soft mud · · Fibrous material .. 
X Very·fine sticky_mud, black, . Plant debris, no::f~brous 
anerobic material 
X Gray soft mud Plant debris 
. . 
, ... 




1-5 Few tubificids, 
chironomids . 
10 Several tubificids, 
chironomids ... : · 
5-10 Few tubific:l.ds· ·and 
chironomids 
Few tubificids and 
1-5 chironomids 
5-10 None 1:. 
95--100 None 
50H- None 
: . . 
lQit Few tubificids 
10 None (one turtle) 
10 Many tubificids, 
chironomids and uni-
dentified fly lar-
vae. Many turtles. 
." .'•, r • • • ' 
.( 
., 
' . .i . 
I 
' . !!' 
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Report o:f' Virginia Fisheries Laboratory 
on Fish Sampling, by w. H. Massmann and E. C. Ladd 
This brief survey was conducted as a part of the biological study of the 
James River to determine the extent and degree of pollution in the vicinity of Hope-
well, Vir_ginia. 
The samples were taken with a small haul-seine in suitabl~ areas along the 
shores of the river. The method requires that the bottom be relatively smooth and 
firm and free from snags. Fifty-six hauls were made at eighteen stations. Seven-
teen of these stations are shm-m on the accompanying chart; the eighteenth, station 
208, was at Drevrry 's Bluff, about six miles below Richmond. 
In general, compared with similar samples taken in other Virginia rivers, the 
hauls were rather productive. Altogether, 2,;538 fish belonging to 19 species were 
taken, an ·average of 43 fish per haul or 32 fish per 100-foot haul. Dividing the 
section of river surveyed into three areas: above City Point, City Point to Jordan 
Point, and below Jordan Point, the following average numbers of fish were taken per 
100-foot haul: 33.5, 1 ,.3, and 34.2 respectively. The rel~tive numbers captured 
in the Hopewell vicinity would be much less if station 203 were omitted. There 
would be considerable justification for this omission, for this station is across 
the channel and therefore outside the region of greatest pollution. In general, 
fishes appeared to be less abundant, and fewer species were taken, along the south· 
bank of the river from City Point to Jordan Point. 
Station 198 represents the location of an observed fish mortality: silversides, 
,,bite catfish, alewives, and hogeholters were picked .up at the surface in a dying or 
dead.condition. Dead men.~aden were also seen on the beach at s~ation 197. It was 
i.n this re5iqn• (Jordan's Point) that similar mass mortalities of fish were reported 
to the Virginia Fisheries Laboratory in May and in July, 1951. 
. ~· ; ' .. 
... I· 
. •. I. 
· Details of collections at each station are g~~en:in table 9. 
l;. '\: Color oeter,i~Ji~~n •. The color test, as dl:vi
0
lo;e~'.by the State Water Control 
Board laboratory, was a relative one to point out·variations in river color. The 
Klett-Sura~erson photo-electric colorimeter was used, \Tith #54 green filter and a 
10 mm cell to,give the best range of readings. 
Each s·ampie was thoroughly centrifuged for 20 minutes, or longer, at 1500-
1700 r.p.m.· 'in· a Precision Scientific No. 6764 3 centrifu::;e. The centrifuging elim-
i11ates turbidity and attecpts to show only "true color". After the Klett-S\L'lll'ilerson 
colorimeter was standardized to zero ,Ti th distilled water, the ~eries of samples 
were run through. The readings are in irunerse proportion to the:intensity of the 
colors. 
Data and Results 
In the I,ee;es followings are graphs and tables or all analytical and other data 
collected during the survey. 
,, ... 
Figures 5-12, Graphs or averages of laboratory data 
at river sampling stations 
Tables 10-30, Analytical data at river sampling stations 
Tables 31-37, Analytical data on industrial _wastes 
samples 
Table 38, Stream flow data 
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TABLE 9 
Identification of Fish Collected b:y Virginia Fisherie·s Laboratory 
SPECIES 189 190 191 192 193 194 195 196 ~97 19-S- I99 200 -201 2q2 203 . 204 205 206 2o8 No.o.f 
Fish ·------- ·-- .. ··-- - .....,__, ·- ----------· Alosa sapidissima, 
Shad \ 2 '•+! 2 
Pomolobus pseudohar- ·:.1 .... ,:· 
eni;Us, Alewife 2 6 7 2 J,; ..• '+ 17 
Por.1olubus aestival-
. . l~ .. 
~, Glut herring 7 91 95 1 58 6 l 259 
Brevoortia tyrannus 
lvienhaden l l 
Anchoa mitchilli, 
Anchovy 2 8 10 
Notropis hudsonius, 
Spottail 4 -17 9 l 23 9 1 l 3 16 90 
Notropis analost~, 
Satinfin 7 .2 3 1 2 15 
Ictalu11t1s catus, 
\·H"li te catfish I 1 l 'X . l 4 .I. 
Ictalt:..tus lacustris, 
Channel catfish 3 .3 2 1 'l 10 
Ameiurus nebulosus ~ 
Brown bullhead 1 3 .4 
Fund.ulus diaphanus 
Barred Killifish ' J, 2 . ? 3 4 ,. 25 C4 .t 
· Fundulus hcterocli tus 
Mud Minnow 1 l l 2 1 51 .2 6. 65 
Stronrylura marinus 
Needlefish 1 . l 
Trinectes naculc~ tun 
Hogchoker l l 10 .l 13 
Menidia beryll.ina :~ .~ 




Johnny darter l 
. ·" .. 2 3 
Leo"?Qmis gibbosus 
'?u.ttipkinseed l 2 
• 
----= .. I• I "'• .. , 
'· 
) ) ) 
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TA.BIB 9 (Contt) ::r.:~'::::J': 
SPECIES Ho. of 
189 120 121 122 193 19A 195 196 197 198 199 200 201 202 20~ 20"4: 205 206 208 ~i§Jl._ 
j:01 .. 0110 ., .. ,,..._Pit" . ~~.., C...:---,~- ~, 
L~::itc p~rch 3 1 3 1""'1 _., 9 17 175 31 17 8 2 9 11 JO/... 
P.ocm:.5 ~.:.:::c4 -~:i.J.is, 
5 -~.: ..... i pc.xl :.J~~:::;o or 
Y'ock 1 l l J 
~ Ttu:lbor or l::.o.uls '~ 5 6 3 I+ 4 3 4 3 - 3 3 2 2 2 2 3 1 2 56 Jint. nee h..: ti.lee!. 
(feet) 800 500 1200 600 l:.00 1:,00 400 1:,00 300 - 500 600 l;fJO 200 200 100 /4.00 100 200 7700 
lh.u:1bc~~ of finh 68 173 191 ;';},3 J.62 147 45~ 150 .343 - 72 36 1 0 155 9 172 1:.2 16 ?l:.JC 
::l't.~!ber of specie::; 8 (". 7 5 7 9 6 5 8 L; rt, 5 1 0 6 l-r r\ l 1 lS 0 c:., 0 
Fi:;J, pc:::· ~-"'Zlll 19 35 33 G3 /:.2 37 155 JS ill:. Z'l 12 Oo5 0 7r\ I!, 57 L,.2. r·• 43 l,J 0 
}'i::;h per 100-.foot 
hri.ul Go5 31:..6 15.9 l-..Oo5 40.5 3608 ll!: .• 5 .37.5 JJJ.,o.J - 1 · ./.. 6 Oo25 0 77o5 I:, 1:.3 l:~?. 8 ~") ,.,,r-
) ) ) 
/0/2 13 14/~ /6. 17 I S zo 21 z 
CJ---------- STA. D.O. B.0.0 c.o D.a----t------.--.-.---+--------
1/ - 7. 0 S 3.1 2. 2 . 
0 -90~ 28.4 
<( 
/ZA- o 2 97. 720. 
8 ----....____--- ,zs-z.a 2s. 43. 
--
: 
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DISTANCE BETWEEN STATIONS; !VAUTICAL MILES 
flGURE S 
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LOWER JAMES RIVER POLLUTION STUDY 
AVERAGE RESULTS OF LABORATORY ANALYSES 
VARIATION OF D-0·/ B. O .. D_;; $ C.O.D. AT STAT/ ONS 
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Date 8-10 8-15 
D. 0. ppm · : : . · 6. 0 ·. 5 . 6 
Alk. ppm caeo
3 
' 48 42 
pH 7.4 7.65 
_:i,.0._D_. _ pp.!!._... ___ 2. 73. __ 3.6 ___ _ 
Total Total ; 
1 
171 79 
Solids - Volatile 61 18 
ppm Fixed 110 61 
Suspended - Total 49 41 
Solids - Volatile 44 16 
ppm - Fixed 5 25 
Sulfates (S04 ppm) 49 53 
Chlorides {Cl ppm) 11 10 
Tur bi di ty { Si02 ppm) . . _ 34 
) 
RESULTS OF LABORATORY ANALYSES 
LOWER JAMES RIVER .20LLUrrION STUDY 




5.6 6.2 5.6 5.3 6.o 5.2 .4 6.2 5.8 64.o 5.8 6.4 5.2 
46 47 48 56 48 52 52 57 56 562 51 56 42 
7.8 7.5 7.55 7.8 7.85 7.8 .7.7 8.3 8.1 7.85 7.4 
8-20 8-21 8-22 8-27 8-28 8-29 g-4 9-5 9-6 Total Avg. High Low 
~8~ -··!6~ -- ~i§---:c~--~si5* 0 fD* 2{-7 ~7~-3f-iri6~ --~;}-· ~i~-----~/L--
16 106 O ) 273 ( ) 105 ( 579 83 273 O 
273 157 415 ( 108 ) ( 165 ) 1289 184 415 61 
134 119 283 ( 46 ) ( 90 ) 762 109 283 41 
32 85 0 ) 10 ( ) 21 ( 208 30 85 O 
102 84 283 ( 286 ) ( 69 ) 5511- 79 283 5 
40 ·- 48. 126 59 49 76 70 50 43 523 48 126 40 
11 10 14 13 11 11 13 13 13 131 12 14 10 
41 50 80 32 29 10 28 48 28 380 38 80 10 
8 7 8 7 6 6 7 7 6 62 7 8 6 Color K-S Reading No. 54 Filter 
NH
3 
Nitrogen.ppm 0.J+ 0.5 0.45 0.17 0.224 0. 7 0.224 0.504 0.616 0.392 4.18 0.42 0. 7 0.17 
0.028 0.32 0.067 0.028 0.9 o.4 0.03 0.084 0.086 o.1o6 0.591 0.059 0.09 0.028 
0.14 0.25 0.37 0.58 0.288 0.256 0.208 0.240 0.256 0.256 e.84 0.284 0.58 0.14 
N02 IU trogen ppm 
N03 Nitrogen ppm 
C.0.D. ppm 
Temperature 0c. 
41 33 3~ 106 35 41 32 
23° 28° 29° 30° 29.5° 2·7° 26° 26° 28° 27° 26° 30Q 23° 
Tiine Oto 2300 10:00 10:20 10:30 10:30 10:15 11:11-0 9:30 9:00 10:00 8:15 8;25 
MPN Coliform per 100 cc. 
Observations 
2300 930 930 430 2400 230 430 91 430 1500 2400 120711100 2400 ,91 
( 1) ( 2) ( 3) ( 4) ( 5) { 6) ( 7). ( 8) . ( 9) ( 10) ( 11) 
(1) 
(2), (3); (4),(5) 
(6) 
(7} 




Muddy, but no apparent color from waste. No scum or sludge observed. . 
Very muddy but no apparent color from_ waste. _Muc.h sludge and bark observed in this area.. 
Slightly muddy but no apparent color trcm waste. Some trash noted. 
Slightly muddy but no apparent color from waste. No bark, sludge, scum or trash noted. 
· Muddy but no apparent color from waste. Jome scum and trash on surface. No sludge or bark noted. 
W t . I 
) ) 
.. !~~.:ro.(-.. OF LABORATORY ANALYSES 
LO\JER JAMES RIVER POLLUTION STUDY 
August 6-September 6, 1951 
STATION 11 
": :-1· ll 
P,·: ·o 3? 
.. 
) . 
D. O. ppm 7. 2 • • • . 2 7. 6 7. 8 g. 0 6. 6 5 . 7 77. 6 7. 05 6. 2 6. 4 
Alk. ppm caeo3 36 · .. 42 l~5 40 45 1~9 45 :· 59 65 1-1-9 525 · ·J4-8 . 65 36 
pH 7.2 7.65 7.6 7.2 7.4 7.5 7.7 7.35 7.6 8.2 8.1 8.2 72 
13_ • .Q.JJ.::....• ..,i;;;p.,;pm;;;...,_ ______ 3 .J3L3.!.2--3. ]~ ___ l ._ ~---1- 8_r __ 4:-.6 ___ 4. q ___ g_._5 __ 3. L.2. 9.-E. L_,31:-. 6 .... 3. ~--· 3. 9 . -~_1. ? _____ _ 
Total· - Total 180 175 318 193 287 ( 153 ') ( 254 ) 1560 223 318 153 
Solids - Volatile 29 84 -124 5 43 ) 10 ( ) 58 ( 353 50 124 5 
ppm Fixed ·15·1 91 191 188 244 ( 143 ) ( 196 ) 1204 173 244· 91 
Suspended - Total 50 li.O 59 75 115 · ( · 4~- ) ( 75 ) 458 66 115 40 
Solids - Volatile· 5 0 49 30 19 ) 16 ( ) 19 ( 138 20 49 0 
ppm - Fixed 45 40 10 45 96 ( 28 ) ( 56 ) 320 46 96 10 
Sulfates (S04 ppm} 36 41 61 58 70 31 38 53 61 47 45 541 49 70 31 
Chlorides (Cl ppm} 7 9 15 10 13 7 ~ 12 12 12 13 119 11 15 . 7 
Turbidity ( Si02 ppm} ,...1 ; 65 30 35 45 38 25 10 22 48 .... i . 32 350 35 65 10 
Color-K-S Reading #54 Filter 9 8 7 11 8 8 8 9 · 8 76 8.5 11 7 
NH3 Nitrogen ppm 0.45 0.40 0.50 0.17 0 0.50 0.280 0.504 0.56 0.448 3.81 0.3~ 0.56 0 
N02 Nitrogen ppm 0.024 0.056_0.07 0.003 0.01 0.03 0.09 0.099 0.046 0.062 0.517 0.052 0.099 0.01 
NO~ Nitrogen ppm 0.14 0.30 o.40 0.26 0.224 0.288 0.288 0.256 0.224 0.24. 2.62 0.26 o.4 0.14 
C.0.D. ppm O 17 16 32 65 22 32 16 
Temperature C. 28° 30° 31° 30.5° 30° 25.5° 26° 27° 29° 27° 30.5° 25.5° 
Time(O to 2300) _{ 16:10 17:45 18:10 16:40 15:30 18:20 16:10 15:35 16:40 14:30 14:45 
MPN Coliform per ioo cc 360 9300 280 4600 930 1500 4600 430 430 11000 1500 34930 3170 11000 280 
Observations ( 1) ( 2) ( 3) ( 4) ( 5) ( 6) ( 7) ( 8) ( 9) ( 10) ( 11) 
. (1), (2),(3} • i 
(4) 
'(5l, (6), °(7), (8)~ 
(9), (10) . 1· Water clear. 
( ~l) l(;_ : · 
Scum noted on surface of water. 
lfo obvious scm:i or trash. \ 
1 
I 
............... ·--............... ·•··· .. __ ....... ' 
) 
. : .... 
. )· 
HESULTS OF LABORATORY ANALYSES 
LOvJER J1'J-1ES RIVER POLLUTION STUDY 
AU671.1St 6-Septe1nber 6, 1951 
STATION 12 
) 
P.:.r;c 3 3 
8-10 8-15 8-20 8-21 8-22 8-27 0-287'5-29 9-4 9-5 9-~6 Total Avg. High. Low Date 
· D.O. ppm 6.1 5.9 5.6 6.2 5-9 3.8 5.8 5.5 6.4 6.2 5.2 62.6 5.7 6.4 3.8 
Allt. ppm caco3 44 44 46 44 61 54 !~8 51 61 S. 7 510 51 61 44 
pll B 7.65 7-5 7.35 7.3 7.45 7.55 7.55 7.6 8.0 8.1 8.1 7.3 
=--B.O.D! __ pp~---· .. _. ··----- 3.3 2.3 0.9 1.0 6.9 · Unsat.Unsa.t.1.7 2.6 __ ~.5 __ 22.2_.2.6_.6.9_o.9 __ _ 
Total Total . R-207--··303--31~15r--C--19q: ) C-i81 ) 1350 225 314 151 
Solids Volatile ' .. . 28 174 118 51 ) 29 ( . ) 72 ( 472 79 174 28 
ppm Fixed O 179 129 196 lCO (' -165 ) . ( 109 ) 878 146 196 · 100 
Suspended - Total 48 79 77 122 . ( 0 ) ( 94 .) 420 70 122 0 
Solids Volatile K . 40 20 7 49 : 0 ( ) 18 ( 134 22 49 .0 
ppm i;'ixed 8 59 • 70 73 ( 0 ) ( 76 ) 286 48 76 0 
Sulfates (S04 ppm) E ·. 56 61 46 66 58 48 51 70 50 56 562 56 70 46 · 
Chlorides (Cl ppm) 11 12 11 15 14 11 11 12 13 14 124 12. 15 11 
•rurbidi ty (Si02 ppm) N 65 50 35 35 20 33 6 28 36 22 330 33 65 6 
Color-K-S Readins/f54 Filter 9 8 ·10 9 6 8 8 9 7 74 8 10 6 
NH
3 
Nitrogen ppm 0.35 0.1~0 0.56 0.11. 0.392 0.3 0.28 0.504 0.78 0.616 4.29 0.43 0.78 0.11 
N02 NitroGen ppm 0.03 0.034 0.027 0.04' 0.24 O.o8 0.06 0.116 0.128 0.188 0.94 0.094 0.24 0.027 
N01 Nitrogen ppm 0.16 0.25 0.33 0.29 0.304 0.320 0.256 0.256 0.256 0.27 2.69 0.27 0.33 0.16 
c.O.D. ppm 67 24 91 46 67 · 24 . 
Temperature 0c. 29.5° 29° 30° 29° 27° 26° 26° 27° 28° 26° 30° 26° 
Time (0 to 2300) 10:15 10:30 10:45 10:10 10:25 11:55 9:45 9:10 10:25 6:30 8:35 
MP~I Coliform per 100 cc 3900 4300 1400 1,-30 930 730 11000 2400 1500 1200 2400 30190 2740 .llOOO 43q 









Sludge., Scum & Barlt noted to be more abundant in area between Station 10 and 12 than at 
Station 12 · 
Bark on surface of slightly muddy water. 
Scum on surface or trash noted.• 
No scl.L~, sludge or trash noted. 
~ater has unusual dirty appearance with much sludse and bark with an occasional dead fish. 
Trash and bark noted but no sib'IlS of :.;ludge or scum • 
-,,..,..- .. 
) ( ' . )- ) 
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TABLE 13 
t ·• .'I,,,• I• RESULTS···OF ·LABORATORY ANALYSES 
LOWER JAMES RIVER POLLUI1ION BTUDY 
August 6-september 6, 1951 
STATION 12A 
Date B-20 B-21 8-22 S-21 8-28 8-29 9-4 9-5 9-o Total Avg. High .Low 
D.O. ppm 0 0 0 0 0 0.3 0 0 0 0 0 0.3 0 
Allc. ppm caco3 267 408 312 422 318 160 540 472 504 3411 390 422 168 
pH 8.4 9.65 9.6 9.25 8.9 8.3 10.0 8.6 9.2 10.0 8~ 
.O.D. ppm 201 410 360 282 220 92 390 410 300 2665 297 410 92 
Total - Total 991 2105 1658 ( 1288 ) ( 2300 ') 8342 1670 2300 991 
Solids - Volatile 364 1001 1592 ) 496 ( ) 972 ( 4425 885 1592 364 
ppm. - Fixed 627 1104 66 ( 792 ) ( 1328 ) 3917 785. 1328 66 
Stn:rpenaed- Total 97 145 252 ( 108 ) ( 726 ) . 1328 265 726 97 
Solids - Volatile 38 126 173 ) · 79 ( ) 276 ( 692 139 276 38 
ppm - Fixed 59 19 79 ( 29 ) ( 450 )' 636 126 450 29 
Sulfates (S04 ppm) 80 143 14 122 115 80 172 161 162 1049 117 172 14 
Chlorides (Cl ppm) 198 355 300 380 323 83. 295 273 290 2497 277 380 83 
Turbidity (s1s02 ppm) 10 -5 10 4 1 6 4 190 · .a 244 27 190 4 
Color K-S Readings #54 Fil-
ter 180 445 262 236 264 83 375 276 280 2401 267 445 83 
rm3 Nitrogen ppm 2.4 7.2 6.3 4.8 6.2 8.4 7.6 3.6 9.2 55.7 6.2 9.2 2l&-
N02 Nitrogen ppm 0.85 0.02 Unsa.t. 1.6 0.03 9.6 Unaat. Unsat. Unaat. 12.l 2.4 9.6 . O.c2 
N03 Nitrog~~ ~pm 1.0 1.4 Unsat · 1.7 1.36 3.2 
1.52 Unse.t. Unsat. 10.18 1.7 3.2 . 1.0 
c.o.D. ppm 412 926 700 735 588 242 896 1156 839 6494 72u l.150 242 
Temperature 0c. 35 31.5 32. 3 27.4 27.4 31.2 30.4 28.7 27.6 35 27.4 . . . 
Time (0 to 2300) 14:00 11:00 12:30 12:30 12:00 12:15 11:55 11:35 11:55 \ - -· ------·- -
Analytical Data on Duplicate Samples By Hercules 
D.O. ppm nil nil nil nil nil "43 nil nil nil nil 0.3 nil 
Alk. ppm Ca.C03-.. - 261 417 323 429 · 337 · ... 187 585 466 ···DOD 389 ___ 585 . 187 - ......... r· 
B.0.D. ppm .. - - - - .. - - . - 317 
C.O.D. ppm 425. 1042 794 825 660 220 979 1286 878 790 1286 220 
Temperature, 0c. 35 31.5 32.3 26.0 27.~ 31.2 30.lt 28.7 27.€. 29.9 35.0 26.0 
Time (0 to 2300) 14:00 11:00 12:30 12:30 12:00 12:15 11: 5~~ 11:35 11: 5~·, 
~ 
.. 
.) .• ) 
-35-
TABLE 14 
RESULTS OF L...IIBORATORY .ANALYSES 
LOWER JAMES RIVER POLLUTION STUDY 




Date ---~8_-~20 __ 8.,,,....-2~1~_8"""'!:-_2_..,....2 __ 8_-2~7 _ _:.8..,,.-2_8;;;;_ 8-29 9-4 9-5 9-6 - Total Avg. High 
D.0. ppm 3.9 2.5 2.0 3.l 2.3 3.1 2.3 0.8 0.3 8.4 2.3 3.9 
LO'\ol 
0.3 
46 Alk. ppm CaC03 · 46 63 57 51 58 64 62 78 79 558 62 64 
. pH 7. 5 7. 3 7 .1 7. 2 7. 3 7. 65 7. 5 8. 0 8. 0 :1. 0 
. B.0.D. ppm 8.0. ·una.a.t. 8_.6 __ 17.4 28 28 35 40 33 198 25 40 
7 .li 
a.o 
--.-_-Tota1-···. ···:-··Total .....:..---__.;._-228·~-·151 · -c--i64 ) ( 195 · · - ) · 738--i85--228 ··--151 
·! · .. 
Solids - Volatile 198 142 . ) 54 ( ) 85. ( 479 120 198 
ppm . - Fixed 30 9 ( · 110 ) ( 110 ) 259 65 110 
Suspended - Total 40 39 29 ( 35 ) ( 24 ) 167 33 40 
Solids · - Volatile 40 22 24 ) 15 ( ) 14 · ( · 115 ,.. 23 40 
:ppm -Fixed 0 17 5 ( 20 ) ( 10 ) 52 ,. 10 · 20 
Sulfates (SO!~ ppm) 12 54 49 ·18 29 8 10 8 Unsat. 188 24 54 
Chlorides (Cl ppm) 17 17 30 23 20 ·. 19 19 40 21 206 23 40 
Turbidity (SiS02 ppm) 15 14- 33 4 29 10 12 10 8 135 15 33 













N02 Nitrogen ppm 
N03 Nitrogen ppm 
C.0.D. ppm 
4.8 6.o 4.9 5.2 5.0 5.6 7.6 7.6 9.8 56.5 
0.01 0.01 0.06 0.09 0.08 0.04 0.022 0.019 0.019 0.35 
0.15 0.37 ~-3 0 3 0.288 0.704 0.272 0.256 0.224 2.86 
34 41 40 48 50 55 268 
24 24 .24 - v 21 21. 7 23 . 2 20. 9 20. 4 
6.3 9.8 4.8 
0.039 0.09 0.01 
0.32 o. 704 015 
44i7 55 34 
24 20 Temperature oc. 
Time _(o -l-,o 2300) 14:00 11:00 12:00 10:30 10:40 10:30 10:30 10:20 10:30 
---------------=-An-a-.:rl-yt-:-it"-' c-a~l--=D=-a-=-t-a oiiDuplicate ·satriples By Hercules ---·· 
D.O. ppm 




Time (o to 2300) 
.... 
... 
2.5 2.0· 3.r 2.3 · 3.1 2~3 o.a 0.3 
64 63 54 54 52 57 7~ .. -• ... 84 
31 
38 71 ·.. 68. 59 76 52 64 85 94· 
24 24 24 20 21 21.7 23.2 20.9 .20.4 
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RESULTS OF ~~ .. l~~RY AliALYS~S 
LOWER JAMES RIVER 20LLUTIOM STUDY 




. L .. ~ 1:: 
P: •· .) ::.S 
· Date 8-10 8-15 8-20 8-21 8-22 8-27. · 8-~G. 8-29 _ _9 ... ~ .. 9-5 9-6 Total Avg. .High Low 
D.0. ppm 5.2 5.2 6.1 5.9 6.0 3-2 5.0 4:8 6~6 4.6 4.4 57.0 5.2 E.: 3.2 
Alk. ppm·_c~03 52 50 47 47, :~8 62 ~4 50 . 53 62 ~l- 599 54 64 - 47 
9H 7.2 7.7 7.4 7.2 7.5 7.55 8.2 7.5, 7.5 7.8 U.l 8.2 7.2 
_0 •. 0!!1>_. ·ppm_ ,~ ., ___ 3._0_4.o ___ o.-8 ______ u..9 ___ _2_.d _____ ~ ~-'~~..!:-L.~ .. 6 ___ 2. ~ _ 3. L_36.6 3.4 9.8 o.;+ 
Total - Total 280 234 209 ,222. 230 . { 235 ) ( - . 260· --r i6r{b21.;0-280-209~--
Solids - Volatile 108 33 125 48 89·· ) 105 ( ) . g6 ( 594 85 125 33 
ppm - Fixed 172 201 84 174 141 ( 130 ) ( 180 ) 1082 155 201 · 84 
Suspend~d - Total 30 49 33 195 78 ( 52 ) ( 76. ) 480 80 195 30 
Solids .. Volatile 6 17 124 12 ) 15 ( ) 16 ( 190 32 121+ 6 
ppm - Fixed 24 32 71 66 ( 37 ) ( 60. ) 290 1+8 71 24 
Sulfates (S04 ppm) 50 62 54 13 ·61 46 43 46 66 · •- 51 40. 539 49 66 13 
Chlorides (Cl ppm) 12 11 11 11 18 24 12 12 12 14 15 152 ll; 24 11 
Turbidity (Si02 ppm)· ~ 30 30 46 35 21 29 16 26 29 40 304 30 46 16 
Color-K-S Reading #54 Ji'ilter 10 8 10 9 7 9 fJ 10 8 79 9 . 10 7 
NH3 Nitrogen ppm 0.45 o.60 0.34 0 .. 224 0.392 0.30 0.280 0.56 0.78!~ 0.616 1~ .• 54 0.45 .784 .224 
No2 Nitrogen ppm o.o8 o.01~ 0.05 0.07 0.14 0.14 0.12 0.105 0.183 o.21~ 1.17 0.12 o.2L~ o.o4 
NO~ Nitrogen ppm 0.30 0.35 0.45 0.37 0.320 0.320 0.320 0.256 0.304 0.32 3.31 0.33 .1~5 .30 
C.O.D. ppm 
Temperature 0c. 
Time (0 to 2300) 
MPN Coliform per 100 cc 
Observations 
(1) , 
23° . 29.; 0 29° . 30° 29° 2·7° 26° 26° 
10:30 10:45 10:55 10:50 10:30 12:10 10:00 9:25 
910 4300 Above)ll000 930 73 750 430 
11000) 
(1) (2) (3) . (4) (5) (6) (7) (8) 
28° 26°. 
10:35 8:50 8:50 
930 2400 930 




. Dark, slud.ge, scum and oil noted in area. 
(7), (8), (9-),...(.10) .. Nc b~~, scum, _sludge, or oil noted. 
-(11) 
~uestionable 
Lots of sludge ··s.nd bark; dead :fi '3h noted in area. 
Tra.sh :md sct.L"!t .noted. 
.... , 
:···· 
30°· 2~0 -' 
, .. 2023 3630 · 11000 73 
\ ... :. 
... 
•--• .. ·- .... _.. . .. . _( - --·-·· 
) 
I I \ 
) 
RESULTS OF LABO;lAl'ORY ANALYSES 
LOWER JAMES RIVER POLLUTIO:::J STUDY 
· '. August 6-Septe.nber 6, 1951 
. STATIOU 14 
) 
-D-at-e-----------,.5r_~lO~---z-5r-_~15::--<5'8-20 8-21 8-22 3-27 8-28 8-29 9-4 9-5 9-6 Total Avg. High Low 
i.C.ppm 3.5 5.6 1.4 o.o o.8 2.2 2.0 1.8 1.2 3.0 3.0 24.5 2.2 5.~-~0---
64 64 100 108 84 . 57 75 .76 88 77 71 a11~ 80 108 64 Alk. ppm Ca C03 
pH 7. 2 8. l 8. 0 7. 4 7. 7 7. 1~5 8. 0 7. 8j 7. 7 6 .1 8. l . 8 .1 7. 2 
--1l..o...D--.l)pm.._ _______ 1!_.9_Q~.9_:c.1_1_3. __ i2 9. O 8~ 3 11 11~.-~-3.~-~-..l-=°~-~.3-J.7 __ 4.;.......4 __ _ 
Total - Total , 279 204 128 277 387 ( 213 ) { 284 ) 1772 254 387 128 
Solids- Volatile 53· 82 12 113 129 ) 111. ( ) 112 ( 612 88 129 12 
ppm - Fixed . , 226 122 116 164 258 ( 102 ) ( 172 ) 1160 166 258 · 102 
suspended - Total · 36 66 12 76 56 ( 43 ) ( 122 ) 798 114 122 12 
Solids - Volatile l 7 0 76 20 j 19 ( ) 23 ( 146 21 76 0 
ppm - F'ixed 35 - 59 12 0 36 ( 24 ) ( 99 ) 265 38 99 0 
~;ulfates (S04 ppm) 59 66 52 55 58 · 49 50 59 67 ·51 57 623 57 67 49 
Chlorides (Cl ppm) 13 15 28 30 25 6 17 19 - 23 ·17 17 210 19 · 30 6 
'l'urbidi ty ( Si02 ppm) 30 11 11 25 · 25 12 16 40 24 98 292 29 98 11 
Color-K-S Reading #54 Filter 21 23 21 11 11 ·12 18 12 10 139 15 23 10 
r-m3 Nitrogen ppm 0.9 1.8 1.9 1.1 0.616 1.3 . 1.3 1.34 0.95 0.896 12.1 1.21 1.9 0.62 N02 Nitrogen ppm 0.2 0.12 0.1 0.12 J.11~ 0.4 1.1 . 0.21 0.261· 0.255. 2.80 0.28 0.4 0.012 
No3 lUtrogen ppm 0.3 0.2 0.3 0.45 0.368 o.496 0.320 0.448 o.38lr 0.32 ·. 3.60 0.36 o.496_· 0.2 
C.O.D. ppm 74 50 · 41 41 40 56 63 . !~8 413 . 52 · 74 40 
Temperature 0c. 23° 31.5° 31° 31° 29° 27° 25° 26° 27°. 25° 31.5° 23° 
Time {Oto 2300) 10:40 11:00 11:15 11:15 10:45 12:35 10:40 10:00 11:15 9:00 9:15 
MPN Coliform per 100 cc 24000 7500 2400 Above 46000 430 430 750 930 150 73 93663 8520 46000 73 
· Observations 
(1) 
( 2) . 




( 9), (10) 
. (11) 
11000 
(1) (2) (3) (4) (5) (6) (7) {8} (9) (10) (11) 
Bark E'nd Sludge more noticeable between Stations 13 and 14 than at Station 14. Water dark. 
Scum, bark, sludge and oil noted in a.ren. W .:1.ter dark. 
Scum ci.nd trash noted in area. '·To.ter dark with a heavy oil film on the surface approaching or at Sta.t.14. 
No sct~.m, bark, slue.lee or oil noted, approachlnG or. at Stat. 14. Hater dark. 
Scum end trash noted. Water dark. Water clear of foreigi matter approaching Station 14. 
Scum, trash and sludr;e noted.· Water clear of foreic;n n1a.tte1" a1')proaching Station 14. water dark • 
Scum, trash and sludge noted -·cpp~ca.cllingiSta.tion 14 as well as at Station 14. Water dark • 
.. 
·-~ 
,.,~ .. - . ,. 
'• 
) ' . . . ') :~" 
~SULTS OF LABORATORY ANALYSES 
LOt,JER JAf:ffi!S RI'IER POLLUTION STUDY 
August 6-September 6, 1951 
STATION 15 
.... 
-· .. · ) 
_;J.:. 17 
Date 8--10 8-15 8·~20 8--21 8-22 .3-27 8-28 S-29 9-4 9-5 9-6 Total Avg. High Low 
D.O. ppm 9.2 7.8 6.0 6.8 7.4 5.6 4.6 4.4 7.4 6.2 5.6 71 6.5 . 9.2 4.4 
Alk. ppm Caco3 t,6 50 50 48 50 57 61 54 . 58 62 60 596 54 61 46 ----~•:9.~P-.~ __ pm _______ ~-~-9. 5-~1.~ 2.35.6 __ 5.s_·~.5_3.1 2~ 3~~2-7~ __ 1.6 ,~2 .• 2 _3.8~5.8_1.6 __ 
.PD . . 1. 2 f3. 0 ~~r;··7. 4 7. 5 7. 6 7 • 4 5 7 • 8 7. 7 7. o 7 • 9 o .1 8. l . 7 • 2 
Total - Total 250 238 ·: 245 295 320 ( · l-97 ) ( 310 ) 1855 265 320 197 
Solids - Volatile 65 88 47 62 94 )( 73 )( )( 218 · ){ 647 93 218 47 
ppm .. Fixed 1.8J 150 : .. 198 233 226.. . ( .. . .124.. ) ( 92 · ·· · ·) 1208 172 233. 92 
Suspended - 'J'otal{: 101 60 ·;t,·•127 168~--. 99 . ·-..-(-.'.'\ii.:9*·:.r . ·) ., ··~·· ( 78 ·:•;· ·- ) · 624 .. , .. 89 .. ; .. 127'·-~. 60 . 
Solids - Volat:il~ 26 9 9 0 7 )( 13 ) c··_. )(. 18 ){ 82 ·· 12· . - 26 0 : ... 
ppm - Fixed 75· • ..• _-_
4
: ·51 118 68 92 ( 78 ) .- : ~f.. (;... 60 ) 542 77 118 51 
[iulfates ( S04Ppm) 59 · 61 75 57 · 57 48 44 56 63 48 !~8 616 56 63 1+4 
Chlorides ( Cl ppm) 10 12 12 12 16 14 13 14 14 14 · 24 155 I:4 24 10 
Turbidity (SiO~ ppm) 39 60 47 38 24 25 28· 35 32. 8 336 34 60 6 
Color K-:3 Readtng-#54 F'ilter 11 10 10 9 9 9 11 11 l~- 94 10 14 9 
NH3 Nitrogen ppm •:. 0.45 0.40 0.50 0.168 0.224 1.0 0.448 0.504 0.504 0.672 4.8? 0.49 1.0 0.168 No2 Nitrogen ppm 0.056 0.06 o.08 0.05 0.12 0.1 0.2 . 0.233 0.183 0.194 ~-~28 0.13 0.233 0.05 
NO~ Nitrogen ppm 0.30 o.40 o.66 0.30 0.288 0.320 0.368 o.40 0.304 0.304 3.64 .0.36 o.66 0.288 
c.o.n. ppm 25 17 . 25 17 
Temperature 
0c. 23° 30.5° 30° 30° 29° 25° 25° 25° · 28° · ·· 25° 30.5° 23(:, 
Time {O to 2300) 10:55 11:15 11:25 11:00 11:00 12:50 10:25. 10:.lO 10.:55' 9:10 · 9:05 
MPN Coliform per 100 cc .. 4600 910 2300 430 1400 430 280 . 4-~0 ::-.· ·36 · 430 430 · • 11676 1060 4600 '36 
Observations . !.);·;·J1) (2) (3) (4) (5) (6) (7) (8) :·-··(9} · (10) (11) · ~r~ 
( 1) ' ... 
··-'"" 
it. ... 
(2) '°nudge noted in area. ~later muddy. 
( 3) Much b~·rk and an occasional sludge deposit 1·wted.. Water muddy. 
(4) No bark, slua_ge, scum or trash noted. Water muddy. ·•· \ 
( 5) Lots of wood chips noted approaching Station 15. Scum noted in area. water muddy. 
(6) (8) No bark, wood chips, sludge, trash, or scum noted. · 
(7) 3ark, wood chips and trash more abundant apprc.,achinc; Btat.'Lon 15 than at Static;n 15. 
( 9) ( il 3ark and t}:"ash noted in area. · 
( lG) ;:,ari:. and sc\un noted in "iXea • 
. . •·· ······ 
. --· .... . . .... 
-•----- • 
. 
. ·.; ~ . '•· .. ... •. . ~ - ................ -- -
. .. . .. ·-·:• 
': • .. ,' ~.... •:. •: . ..: ..... , ............ 
) ) 
RESULTS OF LABORATORY ANALYSES 
LOHE .. 'R JAMES RIVER POLLUTIOM STUDY 
August 6-september 6, 1951 
STATION 16 
) 
P··.; e JS 
Date 8-10 8-15 8-20 8-21 8-22 8~27 8-28 8-29 9-4 9-5 9-6 Total Avg. High Low 
n.o. ppm 6.3 4.2 6.o 4.4 {j.~ 4.o 3.0 3.2 4.6 3.2 4.o 46.5 4.2 6.3 3.0 
Alk. ppm caeo3 52 1~8 58 57 bO 59 64 60 64 70 63 655 60 70 48 pH : 7. 4 8. 0 7. 9 7. 7 7. 8 7 .1~5 7. 7 7. 65 7. 6 7. 9 · 8 .1 c3 .1 7. 4 
L BO_ -~_D. ppm ___ >~.9 4.1 3.2 6.1 5.2 2.9 5.8 3.1 4.5 4.8 3.4 48.0 4.4 6.j ___ 2.9. 
--.;;Total -- - Total :' 335-200--:-203-··264-·269 ---· (-·· 27ff·- ) .. --· ( ··-~- 297- )---1846·-· 264·--· 335 - 200·---
Solids - Vplatile l_ 36 . 153 , : 4$ 105 114 )( 76 )( )( 85 )( 6rr 88 153 36 
ppm - Fixed · · ... 299 · 1~7 . . 155 159 155 ( 202· ) ( . 212 ) 1229 176 299 . 47 
Suspended - Total,; .. 111 86 ··;-: 29 51 123 ( 53 ) ( 100 ) 553 79 123 29 
Solids - --_VQla.i;:q.e., ···. 0 57 · O 5 . 17 )( 12 )( )( 17 0( 108 15 · 57 0 
~prn - Fixed , .1·-_:: •. 111 29 29 46 106 ( 41 ) ( 83 ) 445 64 111 29 
Sulfates (S04· ppm) · ·:·•.· . •; · 81 54 44 50 60 43 41 46 53 50 li.1 5(3 )1 81 41 
Chlorid~e (C~ ppm) 12 13 14 12 19 13 13 14 16 15 15 . lj~ 14. 19 . 12 
Turbidity (SiQ2 p:p~i),·· · 38 22 40 32 18 16 29 30 61 ··36 3'22 32· ..... 61 -~-~ 16~· 
Cclor K-S Readings #54 Filter 10 10 12 9 7 8 L2 12 9 O:· 10 12 7 
rm3 Nitroc;en ppm:· 1.4 0.5 0.lf5 0.34 0.200 o.6 0.336 0.56. 0.672 0.672 5;u., 0.50 1.4 0.28 N02 Nitrogen ppm 0.14 0.1 0.1 0.18 0.10 0.16 0.2· .. 0.2e3 0.236 0.227 l.13. 0.173 0.283 0.10 
~o~ Nitrogen ppm 0.5 0.5 o.8 0.38 0.368 o.4 o.416 o.4o · o.416 0.32 4.52 o.452 o.8 ~~32 
C.:. O.D. ppm ·-· 
Temperature 0c .. 
Time (0 to 2300) 





. ( 4). 
h), (6), (8) 
\ : ) , ( 11) 
(:)) 
30.5° 30° 31° 30° 29° 25° 25.5° 26° 29° ·26° 
11:40 12:00 12:00 11:10 11:30 13:30 11:30 10:50 12:20 9:45 9:50 
4600 4300 930 140 430 230 2400 36 73 73 930 
(1) (2) (3) ,4) (5) (6) (7) (8) (9) (10) (11) 
14142 1285 4600 36 
Sludge and barlc;. more abundant between Station 14 and 16 than at .;tatj.on 16. 
Section of dark water noted in m9.in channel approaching Station 16. Slud~e and oark noted 
in dark area. Station 16 area clear. · 
Scum and sludge noted in sub-channel approaching Jtation 16. Dark water. Station 16 ar~.P. 
clean. . . ~-. 
No scum, sludge, bark or trash n-:>ted·~•- _ _. ~ 
Trash and scum noted in area. 
Trash noted. Dark sections in sub-channel noted approaching Station 16. 
... ·, 
(1) Scum, trash, bark. oil and sludge noted in sub-channel approachin~ .".,tation 16·· p_n,:_ at Sta. 16 • 
.. . . . . . 
• 
) ' . ' 
.:ESULTS OF. LABORATO .• ~Y AN.ALYSES 
LO\.TER J 1-\MES RIVER POL:,UTION STUDY 
August 6-September 6, 1~51 
STATION 17 
··.: .. L J.<; 
. , •' .,.. . ... .. 
) 
.D-~te 8-10 8-15 8-20 8-21 8-22 8-27 8-28 8-29 9-4 9-5 9-6 Total Avt:: Hia}l Low 
D • O • -ppm 4 . 8 3 . 0 3 . 7 3 . 8 . 3 . 7 , 4 . 2 3 . ~ . . 3 · 8 : 4. 2 3 • 8 3 ·. 7 42. 3 · 3~ 9 4 . 8 3 . 0 
·\lk. ppm Co.C0'3 48 52 57 55 54 57 . 6i . : 54 . 61 66 62 627 57 66 48 
pH 7. 4 7. 8 7. 9 7. 25 7. 4 7 -55 7. 85 7. 45 7. 6 7 -9. 8. 3 . 8. 3 7. 25 
~~~~~11p~T;t~1---~3~- ~9~ -- -ia~ ..:- ~5~ · ·-- §2 e_ __ ·l' L--i36'.L...?_~ -~~n ~~J;i--~ · §"> ·: i~4~ ~ob~9}-~,__3 -· ----
so11 de - Volatile lh8 125 l-1-8 127 82 ·) ' :6: · .. :.. . 0 + "118 ( 654 93 148 6 
ppm - Fixed AB 174 139 125 0 { 1?4 .~ . ) (. .l:39. • -, · ) 789 113 1";'4 O 
Suspended - Tctal 55 42 34 76 5 Y' -=~- :~ T? ~ ~.: ·~ ":·.\o~ ',:.~ io4.: . ( 328 47 . 104 J 
Scli~ a -: · Vela.tile 26 32 0 63 5 ( .; .. ~, .. t2:. · ... --c ... J)( •. ,. ~3 ) 161 23 63 0 
rrim - r1x~d . 29 . 10 · 34 13 O ) ·O _ , T' ( ) 81 ( 167 24 81 o 
SulfE:.tea (so4 ppm) 60 49 43 47 54 53 39 r 48;. ~- 52 42 ._. 51 538 49 60 39 
Chlorides. ( Cl ppm) 11 11 13 14 19 15 12°_ . . 13... 14 15 ,,.. 15 152 14 19 11 
TurMd1ty (SiC2J)'pm) 39 27 22 · 32 18 14 .. rr. 17 .: · 17 33 56 275 28 56 14 
CQlor K-S Rer~le~i! :ll54 10 10 11 8 7 8 )~:'. 11 11 9 85 9 11 7 
~"H3 Nitrogen tPm o.40 0.50 o.45 0.34 0.168 i.O o.22~.0.504 0.672 0.56 4.82 0.48 1.0 0.168 
IW2 Nitrogen i;pm 0.06 0.1 O.l 0.18 ·0.08 9.13···0.~~~~~0.J:95:.,o.~0$;·0.go 1.31 0.13 0.205 0.06 
~~d.ii~t~~en i:pm o.6 o. 7 -0.69 o.3e· ~-36~ o.38\9•4i?~I~-432~·0.~~2 .. o.336 4. 71 o.47 o. 70 :,0.336 
•rempereture 0 c. 28° 30.5° 30° 29.5° 29° 25.5° 269 26° 29° 27° 30.5° 25.5° 
Time (o to 23co) 12;05 12:25 12:45 13:10 12:20 14:00 12:10 ii:~50 13:00 10:10 10:20 
MPN Coliform Fcr:/100 cc 4600 9300 24000 430 230 910 430 ·358 ~ 36: 73 140 40179 3660 24000 30 
'Jbaervationa (1) (2) (3). (4) (5) (6) (7}° (8)-~ (9)' (10) (11} 
(1):..(.A\ & (11) No sludge, trash, scum, bark or oil noted in area . ' 
( 9) Scum noted in area 1) ( 
( 10) Scum, trash, bark noted approach St.~tion 16 und at Stat.1on 16 
··:· •·· .. ·· 







) ) ) 
RESULTS OF LABORATOBY AN;\LYSES 
LOWER J ;\MES RIVER POLLUTION STUDY '.r.&.nlE 20 
August 6-September 6, 1951 Pnae /~ 
STATION 18 
Date . 8 ... 10 8-15 8-20 8-21 8-22 8-27 8-28 8-29 9-4 9-5 9-6 Tot·al 1\V(3. Hish Low 
·no. ppm 4.4 3.8 4.o 3.0 3.2 4.b 4.4 4.4 5.0 3.B 4.4 45.0 4.1 5.0 3.~0--
'Alk:. ppm Caco3 44 52 . 51 · 30 50 55 63 53 58 . 7,6 • 58- 590 54 76 30 pH 7 . 4 7 . 6 7 . 8 7. 2 7. 8 7. 4 7. 95 J. 5 · · ·7 . 6 · 8. 3 8. 2 8" 3 7. 2 
l\._B. o. D,._.P.P.Jl_______ _ ____ !. 9 ___ ~. 85._1. 5 ___ Uun~atl -~-- ~~~5 __ O. 7~ ____ 3. 2 .. ~ :3 __ 2. 6 .. -~.-~-~.7. ___ 1)1. l ____ l. 9 ..• ,.. . .3 •. ~ ... ....:..... 0. 7 .. ..::;...6 __ 
Tot~ - Total 104 . 14 7 190 · · 182 · 281 ( 201 ) ( 205 ) 1029 172 . 281 104 
Solids - Volatile R6 140 22 ··• 73 ) 4 7 ( ) 62 ( 4 30 72 140 22 
ppm ~, Fixed . 18 7 168 109 ( 154 )( 143 ) 599 100 168 7 
Sus ponded- Tota.l · : ·. · ... { :· 31 8'3 · 2 50 34 } 44 ( ) · 76 ( 320 46 83 2 
S9lids - Volatilt 2 51 0 41 10 ( 12 )( 15 ) 131 19 51 0 
ppn - Fixed . 29 32 2 ·. 9 24 ) 32 () 61 ( 189 27 61 2 
sulfa.tea (so4 ppm) ... · ·. · · · 54 49 · 29 37 · ·· 48 ' 43 49 41 43 41 28 462 ~-2 54 28 
Chlorides ( Cl ppm) 10 . 12 12 12 16 12 13 13 14 14 15 14 3 13 16 . 10 
Turbidity (s102 ppm) . 15 25 15 25 14 16 17 17 36 29 209 21 36 14 
•.:;olor K-S Readings 1154 Filter 8 8 10 6 o -6 10 8 7 69 • 8 10 6 
rra3 Nitrogen ppm 0.35 0.3 o.45 0.17 0.168 0.7 0.168 0.336 0.56 0.56 3.76 0.38 0.7 0.168 N02 Nitrogen ppm 0.02 0.02 0.03 0.07 O.J3 0.04 0.04 0.014 0.035 0.062 0.361. 0.036 0.07 0.014 
No3 Nitrogen ppm 0.7 o.6 1.02 o.6 0.364 o.448 o.432 o.4 o.4o 0.32 5.28 0.53 1.02 0.32 · 
C. 0. D. ppm 
0
<.i .; ·. ·' 0 8 8 4 8 O 
Temperature .. C ~ ( ... · · 29° 30° 29° 30° 26 :> 27° 27° 28° 26° . 30° 26° 
Time (0 to ~:3.00)' · :. 12: 40 13: 00 13: 30 13 :45 13: 00 14 :50 12: 55 12:30 13: 55 10:45 11: 00 · 
MPN Colifo~. l'er/!OO- ;cc · 4600 360 2100 230 140 4 3-) 210 36 36 !ess 910 9082 · 825 4600 30 
Observations •.· (1) (2) (3) (4) (5) (6) (7) (8) (9) '· (10) (11) 
(1),(2) (3),{4),{5)~(7\.(11) No scum, sludBe, bark, trash or ,11 noted - water looked clear 
{6) scum noted between.Station 17 end 18 - Station 18 ~rea clear 
(8) Water very rough at station 18 area 
· ( 9) Water covered· with, green scum - n.o trash, sludge or bark noted , 
(10) Trash, scum noted between Stations 17 a~d 18 and at Station 18 
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RESULTS OF LABORATORY ANALYSES 
LOWER J".AMES RIVER POLLUTION STUDY 
August 6-Sept3mber 6, 1951 
STATIJN 19 
1~t .. DL,, ~l 
Pc.c;c I:.?. • 
.. 
) 
Dete 8-10 8-15 8-20 8-21 8-22 8-~7 8-28 2-29 9-4 9-5 9-6 Total Avg_. High Lo~ 
~-- --- -
p.o. pp:n 4.8 4.6 4.8 3.6 3.4 5.6 5.0 5.4 5.4 4.4 4.5 51.5 4.7 -5.6 3.u 
-l.Klk. ppm CaC03 48 52 50 52· 46 54 62 55 57 76 55 607 55 76 46 
pH 7.4 7.7 7.6 7.4 7.4 7-35 7.8 7.45 7.7 8.2 8.0 8.2 7.35 
-- B.0.D. :ppm ____ .. _____ ;•-'. _ 2.0 ____ 2.4 -·· .1.5 .. __ 1.0 ....... 1.6 .... l.(;i ..... l.l ___ o.72 __ 0~9- __ 0. 7.p __ 9_!'7 __ ~---14.?_p .. 1.3. ___ 2.4 ___ 0. 7 __ _ 
Total - Total 168 191 165 330 ( 287 )( 210 ) 1182 237 330 165° 
Solids - Volatile 71 51 110 0 79 () 89 ( 400 80 110 51 
ppm - Fixed 120 114 220 ( 208 )( 121 ) 782 157 220 114 
Suspended- Total E2 49 20 66 32 J 25 () 47 ( 301 43 66 20 
Solids - Volatile 37 49 1 49 9 : ( 11 )( 7 ) 163 23 49 l. · 
~pm - Fixed f 5 0 19 17 23. : ) • 14 ( ) 40 ( 138 20 40 Q 
Sulfates (S04 ppm) 42 39 34 44 40 ·· 3~ 35 29 44 39 2) 408 37 44 2~ 
Chlorides (Cl ppm) 10 12 13 13 20 13 18 18 37 15 16 185 17 37 lO 
('Sl1;ll'bid1 ty (S102 ppm) · 16 15 22 · 21 14 5 · 4 21 13 22 153 15 22 4 
Color K-8 Readings 154 Filter 10 6 8 6 4 5 7 7 5 58 · 6. 5 10 4 
NH3 Nitrogen ppm 0.55 0.35 0.45 0.17 0.168 0.5 0.168 0.336 0.56 0.504 3.76 0.38 0.56 .0.168 
N02 Nitrogen ppm 0.02 0.01 0.02 0.02 0.02 0.03 0.03 0.012 0.014 0.021 0.197 00.02 0.03ft 0.01 
N01 Nitrogen ppm o.6 . o.4 o.8 o.6 o.~o 0.384 0.368 0.32 0.368 o.288 4.53 o.45 o.8 o.288 
C. O.D. ppm 25 16c, 16 16 24 97 19 25 16 
Temperature 0 c 29° 30° 30° 30° 29.5° 26.5° 27° 27° ?8° 26° 30° 26° 
Time (0 to 2300) 13:10 13:35 14:10 14:30 13:35. 15:35 13:30 13:15 14:4o 11:10 11:20 
MPN Coliform Per/100 cc 11000 24000 360 4600 140 930 · 73 91 36 230 430 lrJil89~ 3810 11000 36 
Observations (1) (2) (3) (4) (5) (6) (7) (8) {9) (10) {11) 
(l),(2),(3),(4),(5),(~),(7), 
.. (10), (11) No trash, sludge, scum, bark or oil noted ... area clear. 
(8) Water very rough at Station 19 area , 
(9) Area about halfway between Stations 18-19 covered vi th sree~ scum.. Station 19 area clear 
;{: 
..... :- ,; 
· ·~ : '. ."t I .• 
~ f. '• .• ; . · 1 ,.~ • • ; 
!' . ) .. : . ... . . 
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RESULTS OF LABORATORY ANALYSF.;s 
LOWER JAMES RIVE:R POLLUTION STUDY 
August 6-Septe.mber 6~ 1951 
. .. 
T. :.DL,:: 22 
. P··, ... I? 
..... ,w .c.av 
'> STATION 20 j STATION 21 . 
Date 8-10 8-15 8-20 9-5 9-6 Total Avg. 8-10 8-15 8-20 
D.0. ppm 5.2 4.8 5.0 5.4 5.2 25.6 5.1 6.3 6.8 7.6 
9-5 9-6 Total Avg. 
6. 6 6. 2 33 .-=-5~6-_;. 7~---
Alk. ppm CaC03 50 50 52 152 50 46 44 50 
pH 7.4 7.8 7.8 7.4 7.8 7.8 
____ B.O.D. _ ppm-;.___ l.9 2.j 1..0 0.8 0.8 6.8 1.4 1.4 2.1 0.9 1.2 0.9 · 
Total - Total---·143 --149··-- 132 ______ 424 ---- 141·-·-168"·-···361 -··-- 538 ·- ----· ----- ---· 
Solids - Volatile 44 83 4 131 45 61 59 100 
ppm - Fixed 99 66 128 293 98 107 302 438 
Susrended - Total 23 28 45 96 32 12 64 8 
Solids - Volatile 5 0 1 6 2 ·-) 60 2 
ppm - Fixed · · 18 28 44 90 30 3 4 6 
Sulfa.tea (S04 ppm). 40 41 29 11:) 36 39 47 42 
CU.oridsa ( Clppm) 10 13 27 '50 16 14 66 257 
Turbidit,y (S1S02 ppm) . . _ . 12 22 34 17 15 10 
Color K·S Readings ~4· Filter 5 5 5 · · 4 
tm3 Mitroaen ppm o.4 0.3 Q. 7 0.35 o.4 0.35 rm2 Nitroean ppm 0.02 0.01 O. )3 0.015 0.02 -0.008 
NOl Nitrogen ppm 0.04 0/3 0.-7 0.35 0.16 0.1 
C.O.D. ppm 
Te.ni:peruture 0 c 
"Til.lt; .( 0 to 2300) 
1MPN Colifor.ma Per/100 cc 
0ba~rvations 
0.)-(2) 
( 3 ) , { 4 ) and ( 5 ) 
29° 29.5° 30° 
13:30 14:00 14:45 
4600 360 4600 36 
(1) (2) (1) (4) 
No comment 
cs) 
30'' 29° 20° 30° . ~ -ao9 
14:10 14:30.15~30 
95· )6 2400 4600 910 110 73 
(1) (2) .(3) (4) 
Water had brackish appearance 
. . . . . . . . . .. 
... . 
• I •I .. 






1067 355 -•··-··----·•-.... 
220 73 
847 282 1 ..













·• I . 





~ TABLE 23 . c= 
RESULTS OF LABORATORY AJ?ALYSES 
LOWER JAMES RIVER POLLUTION STUDY !: > 
~ 
Dissolved Oxygen Data 1 
., 
August 6-september 6, 1951 
Sta-· D.O. Temp. Time Date Station D.O, 6emp. Time Date tion PPM oc. 0-2300 1951 No. PPM c. 0.2300 195~ 
Mo. ., 
l 6.3 12:00 8-17 41 0.2 11.;17 8-i6 
2 7.4 12:08 8-17 42 4.9 11:20 8-16 
3 5.9 12:15 8-17 43 6.5 11:25 8-16 
4 6.3 12:25 8-17 1~4 7.4 ll:30 8-16 
5 6.2 12:32 8-17 45 6.6 11:35 8-16 
6 6.4 12:40 8-17 46 7.8 11:40 · 8-16 
7 7.1 12:45 8-17 47 R.8 11:45 8-16 
8 6.6 12:50 8-17 48 ~: .4 l.l:50 8-16 
9 5.8 12:55 8-17 49 · 9.4 11:55 8-16 
10 5.9 13:00 8-17 50 8.9 12:00 8-16 
11 9.4 13:05 8-17 51 9.2 12:15 8-16 
12 10.3 13:10 8-17 52 8.6 12:30 8-16 
13 7.6 1'3::15 8-17 53 9.2 12:45 8-16 
14 0 37 13:20" 8-17 54 8.2 14:15 8-17 
15 2.4 39 13:25 8-17 55 7.5 14:30 8-17 
16 3.3 i..o 13:30 8-17 56 31. 12:45 8-16 
17 2.5 39 13:35 8-17 57 32.5 i3:30 8-16 
~ 0 37 13:40 8-17 58 32 · 13:40 8-16 
_;) 8.2 31 13:45 8-17 59 33 13:10 8-16 
20 4.8 30 13:50 8~17 60 - 12:00 8-16 L • 
21 8.o 8:30 8-16 61 30 12:30 8-16 
22 7.6 8:37 8-16 61A 7.0 1:,4: 45 8-17 
23 7.6 8:1~5 8-16 62 6.o 9·:05 8-24. 
24 6.9 8:55 8-16 63 5.4 . \. 9:15 8-24 
25 7.4 9:05 8-16' 64 4.6 28 9:25 I 8-24 
26 7.4 9:15 8-16·· 65 ·:, 2. 7 9:35 8-24 
27 6.9 9:25 8'.-16 . £. 66 ,l 4 9:45 8-21~ .; ·.· .3 
26 8.3 9:35 ~-16 :. ~:·· 6 ~ ., 6 4 27 9:55 8-24 7:, ;~ · ..• 
29 8.1 9:45 ~. S:-16 ~; .· 68. v, . .. ~. 2· :· . t- ·:10:05 :· 8-24 ".-• 
8-i6" 
·, , .... ,. " 
. aH· 8-24 30 8.7 9:5_?,!_ . 6g·-. ···. =·~3.4 10:15 
31 8 .. 4 10:05· 8-16 70 3.4 10:25 8-24 
32 6.9 10:15 8-16 71 3.8 10:35 8-2!~ 
33 6.3 10:25 e-16 72 5.6 10:45 8-24 
34 6.3 10:35 8-16 73 3.7 11:05 8-24 
35 6.9 10:45 8-16 74 5.3 11:15 8-24 
36 6.5 10:52 8-16 75 8.2 11:25 8-24 
37 6.3 ll:00 8-16 76 5.8 11:35 8-24 
38 0.3 11:05 8-16 77 3.8 28 11:45 8-24 
39 0 11:09 8-16 78 4.2 11:55 8-24 
40 0.2 11:13 8-16 19 6.1 12:05 8-24 
80 2.8 28 12:15 8-24 
~. 81 3.9 12:25 8-24 
82. 1.4 12:35 8-24 
83 5.1 12:45 8-211-·. 
j34 0 13:00 8-24 
... ; .. ., .... .; ... 
.... - ···.,. ~·r .,.,.·;;....--.. 
') ) ) 
!W .. ;r_rr.T~i OF L,:.E n .T1...,~; :-' ANALYSES 
LOWER JAMES RIV'f!R 1:'0LLUTI ON STUDY L\AD~ 2.l'f 
Mi acellenrJOI\S Sample a Fc..~;G L.,.5 
Anzust 6-Se}>tamber 6, 1951 
Between Betwc:,en Between Sub 
Eppes ··l)pes Packs Baileys Ba1le~'s .-\.bo~,e ICimacses Cha.nn~l 
Creek · :reek & Pt. Creek Creek & Back of Kime.gee Creek & Tar Sub 
D.O Packs D~0. D.0. Jordana ,Tordens Creek Cotsins Cot,aina Bay Channel 
Sta. Pt~ D.0. Sta. Sta.. Pt. D.0 Pt. D.C. D.O. Pt. D.0. Pt. D.0. D.0. Ttt.r Bey 
\ 60 Sta. 61 56 59 Sta. 57 Jta. 58 Sta. 64 Sta. 67 Sta. 70 Sta. · D. 0. Sta. 
8-lE 8-16 8--16 8-16 8-16 8-24 8-24 8-24 8-24 77 80 
D.O. ppm -~.t> 6.4 3.4 3.8 2.4 
Alk. ppm CaC03 46 46 47 107 P.3 66 51 53 50 70 56 
pH 7.55 7.4 8.0 7.55 7-55 7.45 7.6 7.45 7.4 7.4 7.4 
:B.O.D. ppm 4.2 5.0 8.6 31 23 6.4 2 .. 8 2.5 1.9 9-9 6.3 
Total -Total 276 212 342 513 17 i 205 173 115 119 347 193 
3olids -Volatile 99 88 112 200 26 61 42 BG 51 , ;l 53 
. ppm -Fixed 177 124 230 313 15 > 144 131 29 68 296 140 
Suspended -Tote.l 63 94 134,:. 114 22 38 47 154 35 24 33 
S"l:.da -Volatile 19 23 31 40 22 27 7 121 14 13 9 
ppm -Fixed 44 71 103 74 0 11 40 33 21 11 24 
Sulfates (S04) ppm 54 68 82 74 36 61 40 37 42 48 42 
Chlorides (Cl p:pm) 13 14 14-i ,~ 38 20 12 12 14 . 20 13 
Turbidit~ (SiS02 ppm) 45 45 63 50 19 20 26 16 10 22 16 
.Coloi--r·:K~S Readings .J154 
Filter 13 13 13 '!20 15 
NH 3 Nitrogen o.6 0.55 0.3 0.8 o.:l 0 .. 8 .. 
.N02 Ni tr ogcm ~ .. O.Q5 0.036 0.012 0.003 0.12 0.16 . ....... ..; 
~06 N:· trcsGn 0.1 0.06 0.02 0.3 0.2 o.o6 
... 
'. 
'. t. C ••D. ~pm .. , 
Temperature 0c 30 31 33 32.5 32 28 27 28 28 
Time (0 to 2300) 12:00 12:30 12:45 l::t:10 13:30 13:40 9:05 9:45 10:0; 11:50 12:20 


















LOWER JAf~'iES RIVER POLLUTION STUDY 
Au3ust 6-September 6, 1951 
Line# l 
RESISTANCE-OHMS 
TII"iE(l:15-2:00 P.M.) 8-6--1 






















(:-,ee fi~i.,re 2 for location of lines} 
.· .:· . 










1.r.AiJLE .. 25 
Pnr:;e 46 
Line :> 2 · 
RESISTAHCE-OHNS 
... 
'l'IME 2: 31:: ··· : 15 IJ .M. . 8-6- 1 








































Line ,,· 3 
RESISTANCE - OIIl4.'3 
) 
COtTJ)UCTIVITY D~TA 
LOWER JAMES RIVER POLLUTION STUDY 
August 6-September 6, 1951 
Line 1/- 4 




TIME (3:20•-3:55 P.M.) 8--6-51 TIME (3: 55-l.:•: 05 P .fJl. )8-6-51 
1 2 3 1 2 3 
40,500 , 41,000 40,000 40,000 40,000 39,500 
40,500 41,000 40,000 40,000 l~0,000. 39,000 
40,500 >-1-0,000 40,000 40,000 : 39,000 
40,500 40,000 40,000 . 4-o_, 9.00 -- 39,000 
40.,500 . : :. 40,000 . _40,0QO 39,500 39,000 






Line :/~ 5 ,, 
BESIGTAI{CE - OHI-1S 










































-------------------,--·--~·---·····-···-- .. ·····- -···· .. 
) ) ) 
CONDUCTIVITY DATA 
LOWER JAMES RIVER .1>0LLUTION STUDY :'A.DD.!: 27 
August 6-Septe,:iber 6, 1951 lt.t.-,.~ 1:-8 
Line if 6 Line //6 Line 7'1 7 
1lES ISTA11CE-OHMS ~ES I: ,'rAHCE -m-Ii•·iS ;'<ES IST.ANCE-OHMS 
fihE (1:00-1:50 P.M., 8
5
-7-51} TH-IB(l0-10: 30A.M.3-8-51) TIME:(2:00-3:00 P.M. 8-7-51) 
2 __ _,;i~-----3------i-4-------------6'?-----:-4- 5 6 l 2 3 l~ 5 6 
12,800 12,800 12,200 12,100 10,700 7,450 
12,200 12,400'12,400 11,400 10,500 7,500 
13,000 12,400 10,900 10,800 7,400 
12,200 12,400 11,800 11,000 
13,000 12,200 11,500 11,100 
13,400 12,400 11,600 11,100 
12,600 12,400 13,000 11,600 
13,300 12,300 12,400 11,800. 
12,800 12,000 12,800 12,000 
13,300 11,600 12,200 12,200 
13,200 12,000 12,200 12,100 
13,000 12,400 12,000 











12,000 12,900 . ·-
10,900 1,000 8,600 
10,900 7,200 8,700 





















10/900 1.2,200 12,700 
12,100 ----····· 11,300 .. ' 12,000 
L2,400 
i.l,900 






11 1 000 




_______ ..;;..... _____ _:;,_ _ .,_;_ __ _ 
12,400 11,900 10,noo 11,1+00 10,600 4,ooo 
12,000 11,900 11,300 11,400 10,600 3,400 
12,400 12,000 11,200 11,400 10,uOO 
i2,400 11,900 11,500 11,200 10,000 
. , .. 
11,500 12,400 

























.12 .. 800 
~2 .. 1.:.Q(j 
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CONDUCTIVITY DATA TADLG 28 
Po.cro 49 LOWER JAMES RIVER POLLUrION STUDY 
August 6-Septeraber 6, 1951· -1--i-·n_e_//:""""'8_____________ Line# 9 Line# 10 
RESIS'rAHCE - Olfl.18 RESISTAHCE - Offi'1S RESISTAHCE - omiJS 
TIME (3:10-4:00 P.M.) 8-7-51 TIME(4:10-5:00 P.M.). 8-7-51 TIME(8:10-8:40PM)8-8-5L. 
l 2 3 -~-A ___ 4__ 1 2 3-. -----:-4----1----2-~~~:;..;;;; 
4,000 6,000 11,200 
4,900 6,000 . 11,200 
4,000 5,800 11,200 
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) ) 
CONDUCTIVITY DATA 
LO\,!EH JAMES RIVEci POLLUTION STUDY 
Au~ust 6-September 5, 1951 
TABLE 29 
Pai!O 50 
.... Line lf 11 F.ESISTANCE - OHMS 
TIME (8:50-9:10 A.M.) 8-8-51 ------~i-- 2 3 STATIONS .... 
. DEPTH(Feet) 








































. . . .. ... 
Line /,7 12 
RESISTANCE - OHMS 












































(,'k · fi, u:-:-: 2 :~o:· 1.c ·.: · tio.~ C'. li;1r•:·) 
















"",.,., ,,.. ~ 
) ) ) 
CONDUCTIVITY DATA TABLE 30 
LOWER JAf/iES RIVER ?OIJ,UTION STUDY Parze 5l 
Resista.n=e--.. Ohms 
STATIONS 10 11 12 13 14 15 16 16 17 18 19 20 21 
DATE 8-21-51 8-20-51 8-21-51 8-21-51 8-21-51 8-21-51 8-20-51 8-21-51 8-20-51 8-20-51 8-20-51 8-20-51 8-20-51 
TIME 10:30AM 6:19. H•t 10:40AM 10:50AM 11:15AM 11:00PM 12:00N 11:10AM 12:l~5PM 1: 30PM 2:10P1'1 2:45PM 3:30PM 
DEPTH(Ft) 
0 9,800 8,800 9,200 9,000 ~-,200 8,l~QO 7,400 7,800 8,200 8,300 8,500 7,000 ~,115 
2,500 
2 9,600 0,700 , 9,200 9,000 4,600 8,400 7,500 1,800 8,300 8,700 7,200 1,900 
4 9,600 8,700 9,200 9,000 5,100 8,500 7,500 7,800 8,400 
2,200 
8,600 1,300 2,000 
1,750 
6 ,,100 . 8,700. 9,200 . 9,000 5,400 8,600 7 ,l?.QO . 7,600 · 8,400 8,400 7,400 1,775 ,, . 
2,000 
8 9,800 8,400 9,000 9,000 6,000 8,600 7,11-00 1,100 8,400 8,400 7,500 1,800 
10 10,000 8,11-00 9,000 9,000 6,900 8,,500 . 7,400 7,600 8,200 8,400 8,400 7,600 
1,600 
1,650 
12 .. -10,000 8,400 9,000 9,000 6,900 8,500 7,400 · 7,500 8,400 8,300 7,600 
1,800 
1,725 
14 .. 10;900 8,400 9,000 9,000 6,900 8,500 7,400 7,300 8,300 8,300 
1,550 
1,''(00 1,525 
16 1,700 9,800 8,400 9,000 9,000 8,000 8,500 7,400 7,400 8,400 8,300 1,100 1,525 
1,700 18 9,500 8,400 9,000 8,800 1,900 8,400 7,11-00 7,400 8,200 8,500 1,100 l,525 
1,725 20 9,400 8,400 9,000 8,800 7,800 8,400 7,400 7,300 8,200 8,400 7,800 1,750 
l,525 22 9,400 8,400 9,000 9,000 7,400 8,400 7,400 7,400 8,200 a,300 7,800 1,750 
1,550 .· 24 8,800 8,400 . 9,000 9,000 7,200 8,400 1,200 7,400 8,400 8,300 7,700 l, 750 
26 8,400 
1,550 8,400 9,100 8,900 8,400 1,.500 7 ,h.QO 8,300 1,100 1,550 
1,750 28 8,400 9,000 8,800 8,400 1,600 7,500 8,400 8,400 7,800 1,525 
l,750 
30 8,Loo 9,~oo 8,890 1,Soo 7,200 8,400 0,300 7,800 · 1,550 
! i I 
1,150 i I . :~ . . ·J I 32 80 V V -: 7,500 v .. # f 1,000 
(Seo figure 2 for location of :µnoo) 
.. 
) ~ ' ' . 
.. .. . 
) 
-- ,,, ,,. TABLE 31 page 52 
RESULTS OF LABORATORY ANALYSES 
THE SOLVAY PROCESS DIVISION, HOPEWELL·, . VA. 
24-HR COMPOSITE SAMPLES OF JAMES RIVER WA·.1.~ INTAKE ~l) 
-- 8-15- 8-20 8-21 8-22 8-27 8-28 8-29 Date .. 9-4 9-5 9-6 Total Avg. High Low 
D.O. ppm spot saraples 
(a) 4.1 3.8 4.1 3.4 4.5 5.5 4.4 4.8 3.7 38.3 4.3 5.5 3.4 
Alk. (M.o.) ppm 
Caco
3 
52 52 49 54 52 56 60 58 57 53 543 54 60 49 
pH 7.6 8.2 8.1 7.9 7.35 7.3 a.o 6.8 6.6 7.55 8.2 6.6 
B.O.D. ppm 
Total - Totsl 204 191 180 184 206 235 212 208 196 206 2022 202 235 180 
Solids - Volatile - ·56 
ppm - Fixed 135 
Suspended - Total 55 46 42 42 31 30 32 33 32 33 376 38 55 30 
Solids - Volatile 13 
:ppm - Fixed 33 -
lili3 Nitrogen ppm 0.28 0.1 Trace o.8 0.1 1.2- 2.48 o.41 l.2 Trace 
rr. ~ Nitrogen ppm 
2.0 0.1 1.0 1.5 0.3 0.2 5.10 0.85 NOd Nitrogen ppm 2.0 0.2 
C, .D, ppm 
Temperature 0c) 29 29 29 26 25 25 27.5 27 26.5 29 25 
Flow - M Gals. per 
191406 196626 199308 193758 1945332 194533 1993o8 191406 day 197316 192552 195198 194148 191856 193164 






) ) ) 
Page 53 
TABLE 32 
RESULTS OF LABORATORY ANALYSES 
THE SOLVAY PROCESS DIVISION, HOPEWELL, VA. 
(b) 24-HR CCMPOSITE Sftl.filLES OF POYTHRESS RUN EFFLUENT ( 1) 
Date 8-15- 8-20 8-21 8-22 8-27 8-28 8-29 9-4 9-5 9-6 Total Avg. High Low 
D.O. ppm) spot 
samples (a) 6.3 6.3 6.4 6.3 6.1 6.7 6.4 · 6.5 6.2 57.2 6.4 6.7 6.1 
Alk. {M.O.) ppm ... 
CaC03 60 51 47 __ 53 43 52 61 54 60 65 546 55 65 43 
pH 8"1 1-9 7.7 7.5 7.1 7.3 7.7 7.0 7.6 1.15. .8.1 . . 7.0 
B.O.D. _pp,4 
Total - Total 349 267 244. .271 302 317 297 322 292 284 2945 295 349 244 
Solids - Volatile - 93 
ppm - Fixed ·174 
Suspended - Total ' ~ . 
36 
.. 
129 45 44 50 52 41 40 36 33 5o6 51 129 33 
Solids - Volatile - 12 
ppm.- Fixed 32 
NH3 Nitrogen ppm - 4.3 4.7 3.4 3.5 4.3 2.6 22.8 · 3.8 4.7 2.6 N02 Nitrogen ppm 
4.8 a.a 4.0 8.5 8.5 38.1 6.4 8.5 4.o N03 Nitrogen ppm - 5.5 
Temperature oc) 33.5 33 33.5 31 29.5 30 32 32 31 33.5 29.5 
Flow - M Gals. 
per Day 25632 23136 23040 23136 23136 23808 23424 24096 24096 24192 237696 23770 25632 23040 
(1) 24 hour (8 A.M. to 8 A.M.) composite samples except: (a) D. o. analyses 
(b) Aug. 15 = 7 hour composite - s~orm dislocated samplir.g 
equipment. Sample pipe plugged with silt • 
·:1.-,,~ 
·•--. . .. ·. 
. - ..... 
.. 
) 
) }· t I 
Page 54 TABLE 33 
RESULTS OF LABORATORY ANALYSES 
THE SOLVAY PROCESS DIVISION, HOPEWELL, VA. 
24 BR COMPOSITE SA.\fl?LES OF-G?u\VALLY RUN EFFLUENT (1) 
Date 8-15 8-20 8-21 8-22 8-27 8-28b Br29c 9-4 9-5 9-6 Total Avg. High Low 
D.O. ppm) spot 
6.1 6.3 6.1 6.2 6.1 54.5 6.1 6.3· samples (a) 6.o 5.9 5.9 5.9 5·~sf 
Alk. (M.O.) ppm 
63 (;,7 64 483 CaC03 56 73 64 65 0 2 29 48 13 0 
pH 7.9 8.3 7.9 7-7 4.45 5.0 7.4 7.15 8.o 7.7 8.3 4.45 
B.O.D.ppm 
263 Total - Total 287 239 224 2~4 389 479 338 247 241 2951 ~95 479 224 
Solids - Volatile 76 
ppm - Fixed 163 
Suspended -Total92 58 53 58 51 193 52 :~o · 39 39 675 68 193 39 
. ·· solids-Volatile - 15 
ppm - Fixed . 32 
HH3 Nitrogen ppm- 3.2 5.2 2.8 4.6 5.2 2.8 23.8 4.o 5.2 2.8 
N02 Nitrogen ppm-
3.4 2.4 12.5 7.5 1.4 2.2 29.4 4.9 1.4 • N02 Nitrogen ppm- 12.5 · c.o.n. ppm -
Temperature 0c) - 37 37 37 34 33 34.5 36 36.5 35.5 37 33 Flow - M Gals. 
per Day 171684 169416 172158 171012 168720 16935~_ 167982 172530 175212 169566 170736 170764 175212 167982 
(1) 24 hour (8 A.M.- ~o 8 A.M.) composite samples except: (a) D.O. analyses. . 
(b) Aug. 28 - Duration of composite questionable. 
(~) Aug. 29 ~ 7 hour composite. 




) ) ) 
.. 5:;-
TABLE 34 
BESUL1B CF LABORPTORY ANPLYSES 
CELANESE CORPORATION OF P.!fil'RICA 
24 EOUR CCMPOSITE SPl.PLEf: OF PLPl';T WASTES 
Dcte \ S-20 B-21 B-22 B-27 8-2S 8-29 9-5* 9-Ei 9-7 Total Avg. High Low 
D. o. ppm 3.8 4.8 5.7 3.7 2.2 5.1 4.2 2.5 4.9 36.9 4.1 5.7 2.2 
Alic. ppm CeC03 96 74 74 Bo 56 114 78 78 ·77 727 81 114 56 
p!I 7.8 7.7 7.8 7.8 7.7 7.9 7.8 7.5 7.8 69.8 7.8 7.9 7.5 
B.O.D. ppm 229 128 162 132 204 146 172 122 228 1523 169 229 122 
Total - Total 670 560 520 512 848 590 437 442 518 5177 575 848 437 
Solids - Volatile 375 325 340 320 470 340 282 260 404 3116 346 470 260 
·ppn - Fixed . 295 235 180 192 378 250 155 182 1~4 2061 229 378 155 
Sus-pended - Total 50 55 50 45 47 55 49 52 37 440 49 55 37 
Solids - Volatile 49 55 40 45 37 45 46 44 37 398 44 55 37 
:p:p:n. . - Fixed l 0 10 0 10 10 3 8 0 42 5. 10 0 
sulfates (s04 ppm) , .. . . . -
Chlorides (Cl p~m) 134 125 122 ~7 282 117 55 79 139 1120 124 · 282 55 
Turbidity (S102 ppm) . ! ! . ·!'i - ., 
54 Filter 
.,· I . 1•• ~r, 
Color K-S Reeding No. ••I• -· 
:ra:3 Nitrogen ppm 





640 396 43·8 400 C ••D. ppm ...... 318 279 279 280 520 3550 394 640 279 
Tempereture 0 c. - ·-I 
Tiree Oto 2300 - .. 
~fPN Coliform per 100 cc. .. . -
Settl~able Solids ml/L 0.5 0.35. 0.35 .0.25 0.4 l.0 l.0 o.4 0.9 5.15 .57 1.0 0.25 
Tote1 Flow M.G.D. .650 .740 .610 .805 .765 .605 .65 .695 .625 6.145 .683 .805 .605 
* - Plant did not oper~te on 9-3 and 9-4. 
. . .. ... 
., 
) W • • I 
1te ... 
o. ~' 
Jc. ppm CeC03 
( 
,O.D. ppm 
,O.D. (ox. consumed) 
,ta.l Solids ppm 
1spended Solids ppm 
~ttleable ~,ol1da ppm 
:1.llons Rev Water· •(Millious-t 





RESULTS OF LABOBATORY ANALYSES 
C01~INENTAL CA!~ CO., INC. 
24-ROUR COMPOSITE SPMPDES OF MAIN MILL EFFLUENT 
8-19· ·8-20· 8-21 8-2~ 8-27 8-28 9-3 .9,-4 9-5 Total 
- - - - - - - - .:::1·, - -
350 320 350 255 340 310 310 290 -: 240 2765 
9.80 9.60 9.60 9.35 9.50 10.00 9.70 9.40 9.60 86.55 
240 400 360 210 350 560 280 320 220 2940 
604 693 792 400 590 670 490 . 530. 550 5319 
1950 2136 2096 1216 1340 1480 1870 1466 1288 14842 
592 696 524 194 236 292 284 212 362 3392 
490 558 398 134 126 222 204 124 318 2574 
10,343 10,500 10,593 10436 11000 11198 10725 10899 12280 97974 
. __ ,,_i_. __ .: 
\ 
.. ~~ ·-
.. ) . 
... 
Avg. High Low 
- -
307 350 240 
9.61 10.00 . 9.35 
326 560 210 
591 693 . 400 
1649 2136 ·_ 1216 
377 696 194 
286 558 124 




D. O. ppm 
Alk. ppm CeC03 
pH 
B. O.D., pp!!1 
) 
Total Solids ppm - Total 
- Volatile 
- Fixed 
Suspended Solids ppm 
) 
TABLE 36 
RESULTS OF LABOFATORY PNALYSES 
HERCULES POWDEB CCMPA1\1Y, VIRGINIA CELLULOSE PLANT 
24-HOUR COMPOSITE S.AMPLES CF COMBil\"ED PLANT EFFLUENT 
8-19 8-20 8-21 8-22 8-26 8-27 8-28 8-29 9-3 9-4 
531 552 436 457 483 
10.9 10.8 11.l 11.25 11.2 
552 ;510 470. 432 480 
2430 ··2443 2q.31 .1919 2368 
1426 1317 1118 991 1298 































- Total 166 288 222 221 196 198 229 196 214 279 
219 
60 
- Volatile 159 275 209 200 180 180 216 174 203 











Sul.fates (S04, ppm) I -
Chlorides (Cl, ppm) 202 226 170 166 180 212 180 172 140 202 
Turbidity (S1S02 ppm) . -
Color K.S. Readings #54 Filter -
NR3 Nitrogen, ppm 












NO~ Motrpgem. 22, 
C.O.D. ppm ·1540 1805 1388 1175 1549 1301 1444 1462 1408 1295 1232 1340 
Temperature 0c. . . .- . 
Time ( 0 to 2300) 24 H ur Continuous Samplins 
Settlea.ble Solids cc?Liter 3.5 4.5 4.5 3.5 3.5 7 .o 4.0 3.0 4.8 4.o 5.~; 5.0 
Estimated Flow Gal. x 1ob/Day12.92 14.26 13.94 14.59 11.57 13.00 15.10 15.70 14.40 14.10 14.95 15.30 
t ~ •. ..~, .. 
·'?··. 
•• •• l 
.. 
) 
Avg. High Low 
563 756 436 . 
11.25 11.6 10.8 
460 552 380 
2304 2443 191~ 
1263 1442 991 
101~0 1177 913 
224 288 166 
202 275 159 
22 60 . 7 
195 254 140 
1412 1805 1175 
4.4 7.0 3.0 
14.16 15.70 11.57 
.. 
I._• ""'- I 
) ) )··• 
TABLE 37 
RESULTS OF LABORATORY ANALYSES 
HERCULES POWDER COMP Al"'fY, CELLULOSE PRODUCTS PLANT 
24-HOUR CCMPOSITE SAMPLING O}i' COMBINED PLANT EFFLUENT 
Date 8-19 8-20 8-21 8-2b 8-27 S-28 9-3 9-~ 9-5 Avg. High Low 
D.O., ll~ I -Ao ... 
Alk. ppm caco3 ~ 480 -210* 528 818 542 1177 201-+. 205 402 460 1177 -·210 
:• 
I' 
pH '!' 11.6 3.8 . 11.8 12.4 11.9 12.2 10.3 10.6 11.5 10.65 12.4 3.8 
3. O.D., ppm 580 727 630 820 550· 445 377 377 380 543 820 377 .... 
Total Solids, ppm - Total 5237. 4863 5293 4865 4201 5657 3657 3980 352J ·.· 4586 5657 3523. ! 
- Volatile 1811 590 1192 858 536 769 1773 904 570·· 1000 1773 536 
- Fixed 3426 4273 4101 4007 3665 4888 1884 3076 2~53 3585 4888 1884 
Suspended Solids, ppm - Total 66 62 188 149 81 195 80 97 157 119 195 62 
- Volatile 49 56 101 71 49 83 57 70 68 67 101 49 
~ Fixed 17 6 87 78 32 112 23 27 89 52 112 6 
Sulfates (so4, ppm} 
Chlo~ide_s: (Cl, ppm) 2025 2370 2225 1730 1840 2360 1810 1921) 1530 1979 2370 1530 
Turbidity (S1S02, ppm) 
Color K-S Readings #54 Filter .i 
NH3 Nitrogen, ppm N02 Nitrogen, ppm No
6 
Nitrogen, ppm 




Time (o to 2300} .. 24 Hour Continuous sampling 
Settleable Solids cc/LitS7 1.7 o.6 :.~2 o 8.0 2.06 6.~ 2.~ 2.04 19.0 ~:~4 ~~~8 o.6 Estimated Flow Gal. x 10 Day 2.ao_ 2.18 .lio 2.03 2.3 2. 1 2. 2 2.2 2.12 2.03 · 
\ 
*Acidity to. phenolphthalein •..... -- _.:_ 
,.,.t 
-, . ... ·' ~ .. 
. , 
-59-
TABIE 38 · 
DAILY AVERAGE STREAM FLOWS, CFS 
LOWER JAMES RIVER POLLUTION STUDY 








































James River and Kanawha 












































































Falling Creek Ap~omattox 
near Drewrya River near 
Bluff Petersburg 
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TIDAL CURREI~ DATA 'A. J;~ 3<~) .j. . ·. ! 
~ ,....... . :-LOWER JAMES RIVER POLLUTI0i~ 5r1'tIDY 
n :, ..... 
. , . . . ~-- .. ·.,, 'C .. ,! 
AuRust 6-September 6, 1951 
STATION 10 STATION 11 ·------···--· 5lack; Max:i- :F'loocl Veloc- Slack; Maxi.- Ebb Veloc- Slack.; i:fazi- Flood Veloc- Slacl<; Maxi·- Ebb 
Date Flood ln\lill ity o.f Ebb ;_i1Ul'!I ity of Flood. !'n'l.ll":! ity of Ebb ,nu.'11 : 
ileglns l•iax. Begins Max. Begins Max. Je5iris 
F_lood Ebb . Flood 
h m h m · iu h m h m kn h m h. m kn h m h m 
Aug. 
6 12 21 14 48 o.8 17 21 .9 00 1.2 12 16 14 43 o.6 17 16 21 04 
7 13 02 15 33 o.B 18 14 9 36 1.2 12 57 1) 28 ·o.6 18 09 .21 52 
8 13 50 16 21i 0.9 6 35 10 19 1.2 13 45 16 1~ 0.7 19 09 10 14 
9 14 46 17 25 0.9 20 22 11 10 1.2 14 l~l 17 20 0.1 ?0 17 ·11,. 05 
10 15 47 18 29 0.9 ·B 03 12 10 1.3 15 42 18. 24 0.7 21 33 12 . 05 
15 8 34 10 58 0.9 13 31 17 27 1.8 20 ~-5 10 53 0.7 13 26 17 22 
16 9 22 11 51. 1.0 14 29 lf3 19 1.9 21 38 11 11-6 o.8 14 24 16· 14 
17 10 01 12 h-2 1.0 15 22 19 09 1.9 22 28 12 37 0.9 15 17 19 04 
20 12 26 15 06 1.0 17 56 9 13 1. li l~ 21 15 01 o.8 17 51 21 •.• 32 
21 13 17 15 55 1.0 18 48 9 58 1.3 13 12 15 50 0.6 1 'J _o 43 22. 25 
22 14 08 16 J,-6 0.8 6 55 10 47 1.2 14 03 16 41 o.6 19 40 10. .. 42 
24 r6 02 18 41 0-.7. 8 09 12 36 1.1 15 57 18 j 6" o.6 21 h9 12· 31 
27 7 10 8 57 0.3 10 59 15 28 1.1 lo 46 '-' 52 0.2 10. 51~ 15 23 
28 7 53 _ 9 48 o.4 · ll 59 16 17 1.1 19 ·34 9 1~3 · 0.3 11 54 
16 12 
18 10 29 0.3 12 44 16 56 
29 8 30 · 10 31~ 0.4 12 1~9 17 01 1.2 .·20 
Sept. 
17 20 
, .. 30 1.3 11 46 14 25 0.9 17 15 20 · 53 I+ 11 51 14 30 1.0 0 18 08 21 '+l 
1.0 18 13 9 o8 1.4 12 29 15 12 0.9 ;J 12 34 15 17 1.4 13 17 16 01' 0.9 19 0'"{ 22 36 ,. 16 09 1.0 19 12 9 53 ~) 13 22 
The hours of the day are numbered consecutivel! from Oh (~dnight) to 23h (11:00 p.m.). 
l2u . All hours • .1.j noon. 






























) ) ) 
TID~.L CURRENT DATA · ... 1.A;.~ A,C: 
l.J0WER JAMES RIVER POLLU'rIO?l STUDY n.,.~:o (;l 
All.gust, 6-Se;g:t,=.m:be:x: q, 
STATION 12 STATIOil lJ 
Slack; Maxi• Flood Veloc- Slack; Maxi- Ebb Veloc- Slack; Maxi- Flood Veloc- SJ.acl~; · :gc.xi . .i.. • Ebb Veloc-
Date Flood mum ity of Ebb mum ity of Flood mum ity of Ebb rnum ity of 
•· .. Begins Max. Begins Max. Begins Max. Degins Max8' ... ,, 
.. Elood Ebb_ ____ . _ ···--··· ... _Flood _______ ... ··-···_Ko,b_ 
b m b ro Jm h m h m kn h m h m kn h m h m kn 
Aug. 
6 12 06 14 33 0.8 17 06 8 45 1.3 12 02 14 29 0.7 17 02 8 41 1.2 
1 l? 47 15 18 o.B 17 59 9 21 1.3 12 1,4 15 14 0.7 17 55 9 17 1.2 
8 13 35 16 09 0.9 6 20 10 04 1.3 13 31 16 05 o.8 6 16 10 00 1.2 
9 14 31 17 10 0.9 20 07 10 55 1.3 14·27 17 06 q.8 20 03 10 51 1.2 
10 15 32 18 14 Q.9 7 48 11 55 1.4 15 28 18 10 o.a .. 7 ;~4 11 51 1.3 
1 ,.. -::> 8 19 10 43 0.9 13 16 17 12 1.9 8 15 10 39 o.B 13 12 17 08 1.7 
16 9 01 11 '36 LO 14 14 18 04 2.0 9 03 11 32 0.9 ll~ 10 18 00 1.8 
17 9 52 12 27 1.1 15 07 18 54 2.0 9 h8 12 23 1.0 15 03 18 50 1.8 
20 12 11 14 51 1.0 17 41 8 58 1..5 12 07 14 47 0.9 17 37 8 54 1.4 
21 13 02 15 ' 40 LO 18 33 9 43 1.l~ 12 58 15 36 0.9 18 29 9 39 1.3 
22 13 53 16 ' 31 o.B 6 40 10 32 1.3 13 49 16 27' 0.7 6 36 10 28 1.2 
24 15 47 18 26 0.7 7 54 12 21 1.2 15 43 18 22 o.6 7 50 12 17 1.1 
27 6 55 8 42 0.3 10 44 15 13 1.2 6 51 8 38 0.3 10 40 15 09 1.1 
28 7 38 9 33" o.4 11 44 16 02 1.2 7 34 9 29 0.4 11 40 15 58 1.1 
29 8 15 10 19 o.4 12 34 16 1i6 1.3 8 11 10 15 o.4 12 30 16 42 1.2 
Sept. 
4 11 36 14 35 1.1 17 05 8 15 1.4 11 32 14 31 1.0 17 01 8 11 1.3 
5 12 19 15 02 1.1 17 58 8 58 1.5 12 15 14 58 1.0 17 54 a· 54 1.4 
6 ·13 07 15 54 1.1 18 57 9 38 1 .. 5 13 03 15 50 1.0 18 53 9 34 1.4 
·Tl1~ hours of the day are numbered consecutively from oh (midnight) to 23h (11:00 p.m.). 
'•·-. 
1~ is~noon. All hours 
greater than 12 are in the afternoon (p.m.). ·· kn•-mean..s __ ~ots • 
. ••· 
. -!... ... .: .. 
. '· .. ~. :-: ,.. . . .. :·-: 
1.,• .. ,·. , ,~ ' . 
.... 
• 4 
-..,.- - ·~· ~ .. 
-·· "..... ._, .;.- .•.•.•-... .. . 
) ) ) . 
TIDAL CUF.REin' DATA -;.,.. :~·{: . ~.:t 
LOWER JAMES RIVE...-q I>OLLUTION STUDY Ft,. C ::'": 
August 6-September 6, 1951 
STATIONS 14 & 15 STATION lb 
Slack; Maxi- Flood Veloc- Slack; Maxi- Ebb Veloc- Slack; Maxi- Flood Veloc- Slack;. Maxi- Ebb Veloc-
Date Flood mum ity of Ebb mtun ity of Flood mum ity of Ebb mum ity of 
Begins Max. Begins Mat. Begins Max. Beg:ins Max. 
Flood Ebll Flood Ebb .. 
·h m h m kn h m h·. m kn h m h rn kn h .m h m k...11 
Aug. 
6 11 58 14 25 o.6 16 58 8 37 1.0 11 51 14 18 0.5 16 51 8 30 0.8 
7 12 40 15 10 o.6 17 51 9 13 1.0 12 33 15 03 0.5 l7 4~ ·9 06 o.8 
8 13 27 16 01 0.7 6 12 9 56 1.0 13 20 15 54 0.5 18 44 9 49 o.8 
9 . 14 23 17 02 0.7 19 59 10 47 1.0 14 16 16 55 0.5 19 52 10 40 0.8 
10 15 24 18 06 0.7 7 40 11 47 1.1 15 17 17 59 0.5 21 08 11 40 o.8 
15 8 11 10 35 0.7 13 08 17 04 1.5 20 20 10 28 0.5 .13 01 16· 5T- 1.1 
16 8 59 11 28 o.a 14 06 17 56 1.6 2113 11 21 o.6 ~! 13 59 17-~: 49. 1.2 
17 9 44 12 19 0.9 14 59 18 46 1.6 9 37 12 12 · 0.7 .. 14 52 18 39 1.2 
20 12 03 ·14 43 o.8 17 33 8 51 .1.2 11 56 14 36 o.6 17 26 8 44 0.9 
2i 12.54 15 - 32 o.8 18 25 9 35 1.1 12 47 15 25 o.6 18 18 9 28 o.a 
22 13 45 16 23 o.6 6 32 10 24 1.0 13 38 16 16 0.5 19 15 10 17 o.a 
24 15 39 18 ·18 o.6 7 46 12 13 1.0 15 32 18 11 0.4 7 39 12 06 0.7 
27 6 47 8 34 0.2 10 36 15 05 1.0 18 21 8 27 0.2 10 29 11~ 58 0.7 
28 7 30 9 25 0.3 11 36 15 51~ 1.0 19 09· 9 18 0.2 11 29 15 47 0.7 
29 8 07 10 11 0.3 12 26 16 38 1.0 19 53 10 04 0.2 12 19 16 31. o.8 
:;ept. 
'.·20 4 11 28 14 27 0.9 16 57 8 07 1.1 11 21 11~ 0.7 16 50 8·: 00 o.8 
5 12 11 14 54 0.9 17 50 8 50 1.2 12 04 ·1~- ,~, 0.1 17 43 8- J.1-3 0.9 
6 12 ~9 15. ·46 0.9 18 47 9 30 1.2 . 12 52 15 39 0.1 18 40 9 23 0.9 
The hours of the day are numbered consecutively from oh- {midnight) to 23h (11:00 p.m.). 12h :is noon. ..::.11 hours 
,xeater than 12 are in the afternoon (p.m.). 
\ 
kn means knots~ 
•·. 
! •• : . 






S-IDAL CUR.amrr DATA ·;.'/t.1 :T.J.; /.;: 
LOWER JAMES RIVER POLLUTION STUDY I-t!.:_:e J,3 
August 6-September 6, 1951 
STATION 17 s·rATIDrJ 18 
Slack; Maxi- Flood Veloc- Slack; Maxi- Ebb Veloc- Slack; Ma:ci- Flood Veloc- Slackj Maxi- Ebb Veloc-
De.te Flood mum ity of Ebb tnUlll ity of Flood mum ity of Ebb mum ity of 
Begins Max. Begins. .... Ma..x. Begins Max. Begins Max. 
Flood Ebb Flood Ebb 
h m h m kn h m h in ltn h m h m kn h m h m kn 
Aug. 
16 42 6 11 42 14 09 o.6 8 21 1.0 11 27 13 511, o.8 16 27. 20 15 1.2 
1 12 24 14 51~ o.6 17 35 8 57 1.0 12 09 14 39 0.8 17 20 8 42 1.2 
8 13 11 15 45 0.7 18 35 9 !~O 1.0 12 56 15 30 0.9 18 20 9 25 1.2 
9 14 07 16 46 0.7 19 43 10 . 31 1.0 13 52 16 31 0.9 19 28 10 16 1.2 
10 15 08 17 50 0.7 20 )9 11 31 1.1 11+ 53 17 35 0.9 20 44 11 16 1.3 
15 20 11 10 19 0.7 12 52 16 48 1.4 19 56 10 04 0.9 12 37 16 33 1.8 
16 21 04 11 12 o.E. 13 50 17 40 1.5 20 49 10 57 1.0 13 35 17 25 1.9 
17 9 28 12 03 o.B 14 43 18 30 1.5. 9 13 11 48 1.0 14 28 18 15 1.9 
20 11 47 14 27 o.6 17 17 20 $8 1.1 11 32 14 12 1.0 17 02 20 43 1.5 
22 13 29 16 07 0.6 19 06. 10 08 1.0 13 14 15 52 o.B 18 51 9 53 1.2 
24 15 23 18 02 0.5 7 30 11 57 0.9 15 08 17 47 0.7 7 15 11 42 1.1 
27 18.12 8 16 0.2 10 20 14 49 0.9 17 57 8 01 0.3 10 05 14 34 1.1 
28 19 00 9 09 0.3 11 20 15 38 0.9 13 45 8 54 0.4. 11 05 15 23 1.1 
29 19 44 9· 55 0.3 12 10 16 22 1.0 19 29 9 40 o.4 11 55 16 07 1.2 
Sept. 
4 1112 14 11 o.& 16 41 20 19 1.1 10 57 .13 56 1.0 16 26 20 04 1.3 
5 11 55 14 38 o.8 17 34 8 34 l.l 11 40 14 23 1.0 17 19 8 19 1.4 
6 12 43 15 30 o.t 18 31 9 34 1.:1.. 12 28 15 15 1.0 18 16 9 19 1.4 
The hours of the day ~e numbered consecutively from cl1 (mid.night) to 23h ( 11: 00 P .M. ) • 12h is noon •. --All- hqurs · 
greater than 12 ere in the afternoon (p.m. ). 
. ... •.•~ .. 
: ~ ,,,.. ct ·" 
/!o .. ,.;, 9' • ..... ~. -r••.:. .. . ,,.,. .,, 
kn meansknots. 
·-•• •.. ,. .... ·• ,, •• :"' • •f..;~ 




' ... : ... 
.. . ............ 
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.. .:~: ... ::~;:.-.· :·t . -~-~ c~ ., ~ ~~:. :·· :,: 't:~::;:r· \,::~:-i?}?:-:, \ •·:~ 
.·· . • .. ·.~ •• 4 .. .. .. .. , ~ ·. 
' -..• '•.L.•Jd~• .-.•_., .. ,,. ..... "': ,.4,,..,,,, \•' _. ..... ~ \ •• ,•, .,.• ~ • --•/• •• •' o • •• --•• ~-- •-J•• ... •: ... A_..:,••~• ... - •••• .•- -~ :...-~:, ~4--. ) .... • •••• • •• _,: •~•. ••••:.-'- -~~~--..;::.,. -•••- • ,_ .,; •· ,,.,:: ., . .:, _,,.h ,.: ••••• •.i. --•• ,; '• '. • ,•••-• ·• 
<.JJI 
)· t ... .:,, .... ·- ... ;...-,_.,. 
TIDAL CURRENT DATA . •A.'lP IJ 
·• I ... 
LOWER JAMES RIVER POLLUTION STUDY r. ·.r:c (;f:. 
August 6-September ~' 1951 
STATIOI-l 19 STATimr 20 
Slack; Maxi- Flood Veloc- Sla.ck; Maxi- Ebb Veloc- Slo.ck; Maxi- Flood Veloc- Slac.k; 
Da.te Flood mum ity of Ebb r:,.um ity of Flood mu.rn ity of Ebb 
Begins Max. Begins· Max. JJeBinS Max. Begins 
... Flood Ebb Flood 
h m h m kn. h m h - m kn h m h m kn h m 
Aug. 
6 11 20 13 47 o.8 16 20 20 08 1.4 11 11 13 36 0.9 16 09 
1 12 02 14 32 o.8, 17 13 8 35 1.4 11 51 14 21 0.9 17 02 
8 .1,2 49 15 f3 . 0.9 18 13 9 18 1.4 12 38 15 12 1.0 18 02 
9 .. · 13 45 16 24 0.9 19 21 10 09 1.4 13 34 16 13 1.0 19 10 
10 14 46 17 28 0.9 20 37 11 09 ·. 1.5 1'4- 35 17 17 LO 20 26. 
15 19 49 9 57 0.9 12 30 16 26 2.0 19 38 9 46 1.0 12 19 
16 20 42 . 10 50 1.1 13 28 17 18 2.1 20 31 10 39 1.1 13 17 
17 ;.9. 06 11 ~l .1.2 14 21 18 08 · 2.1 d 55 11 30 1.2 14 10· 
20 l). i5 14 07 1.1 16 55 20 36 1.6 1114 13 56 1.1 16 1+4 
.,:21 12:16 14 54 1.1 17 47 8 57 1.5 . 12 05 14 !iJ 1..1 17 36 
22 13 07 15 ~5 o.8 18 44 9 46 1.4 12 56 15 34 0.9 18 33 
:24 15 01 17 ~o 0.7 7 08 11 35 1.3 14 50 17 29 o.8 20 42 
27 17 50 20 37 .o.8 9 58 14 27 ·1.3 17 39 20 26 0.9 9 47 
28 18 38 21 . 25 0.9 10 58 15 16 1.3 18 ·27 21 14 1.0 10 47 
29 19 22 · ·9 33 o.h -t. "ll 118 16 00 1.4 19 11 9 22 0.5 11 37. 
Sept.-
\) 'fi6 19 4. 10. 50. 13 ~9 ·c-1.2 i9 57 1.5 10 39 13 36 1.2 16 08 
5· 11·. 33 · 14 16 l.2 · 17 12 8 12 1.6 11 22 14 05 1.2 17 01 
6 12·21_• ... 15 o8 1.2 ~18 09 9 12 1.6 12 10 14 57 1.2 J:7 58 
The hours of _the day ere numbered consecutively from oh (midnight) to 23h (11:00 p.m. ). 
greater than 12 are _ir.L the afternoon (p.m. ). 1cn means knot&T c . . 
12h .i. ~ noon. 
•.,.;J 
·;, 













.... ~. .·~ 
·.~ii_ . . ... 
... . . ~ 
1l 
-
Maxi- Ebb Veloc- -
mum i ty i)f 
Max. 
Ebb 
h m kn 
19 57 1.5 
8 24 1.5 
9 07 1.5 
9 58 1.5 
10 58 1.6 
16 15 2.1 
17 07 .2.3 
17 57 .2.3 
20 25 1.7 
8 46 .1.6 
9 35 1.5 
11 2~- :1.4 
14 16 1.4 
15 05 1.4 
15 49 1.5 
19 46 1.6 
2 01 1.7 
9 01 1 "7 • I 
All nours 
. .... .-
• .. 
